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INTRODUCTION 


Knowles  A.  Ryerson,  Assistant  Dean,  College  of  Agriculture,  Davis,  California. 


Mr.  Chairman- — Friends:  It  is  a pleasure  and  a privilege  to  be  asked  to  preside  over  this  session  of  the 

Twenty-fifth  Annual  Date  Institute.  A twenty-fifth  anniversary  is  always  something  special  — in  family  affairs 

it  is  a silver  anniversary  — in  civic  affairs  it  marks  a “quarter  century  of  progress.”  In  the  date  industry  it  is  a 
milestone  on  a road  that  has  come  a long  way  since  its  beginning  shortly  after  the  turn  of  the  century  and  the 
planting  of  the  first  palms  in  the  southwest. 

While  it  is  unlike  other  fruit  industries  in  some  outward  aspects,  basically  it  has  followed  the  same  road. 
Other  fruits  passed  through  the  seedling  era  long  ago;  many  of  us  can  still  recall  that  period  in  the  date  industry. 
Production  problems  — variety,  pest  and  disease  control,  soil  management,  irrigation,  pruning  and  problems  of 
marketing  now  occupy  our  time  as  in  any  other  fruit  institute.  We  have  some  natural  advantages  in  this  industry, 
and  some  natural  disadvantages.  No  one  looking  back  over  the  past  twenty-five  year  life  of  this  institute  need  be 
discouraged  about  its  future.  The  spirit  of  adventure,  determination,  hard  work,  and  perspiration  have  brought 

the  industry  a long  way.  The  same  factors  can  insure  its  stabilization  as  it  faces  the  mature  years. 

It  is  especially  pleasing  to  welcome  here  today  one  of  the  “founding  fathers”  of  the  date  industry  who  will 
honor  us  by  presiding  over  our  afternoon  session,  Dr.  Thomas  J.  Kearney.  His  studies  in  Tunis  more  than  forty 
years  ago  and  the  offshoots  he  collected  there  helped  launch  this  important  industry  on  its  successful  career.  Dr. 
Kearney  and  his  associates  in  the  U.  S.  Department  of  Agriculture  together  with  alert  and  energetic  growers  in 
this  state  and  in  Arizona  have  been  responsible  for  establishing  this  old  world  crop  in  our  modern  setting.  In  cele- 
brating our  twenty-fifth  anniversary  as  an  institute,  we  honor  them  for  their  part  in  making  this  meeting  today 
possible. 


Functions  of  the  Marketing  Order  and  the  Date  Advisory  Board  - 

by  MAURE  SOLT,  Manager  Date  Advisory  Board 


Since  it  is  the  usual  custom,  in 
preparing  a program,  to  give  the 
best  speaker  the  last  place  on  the 
program,  I can  assure  you  that  who- 
ever was  responsible  for  arranging 
today’s  program  has  placed  me  in 
the  proper  spot. 

The  subject  assigned  to  me  is 
“Functions  of  the  Marketing  Order 
and  the  Date  Advisory  Board.”  Be- 
fore going  into  the  functions  of  a 
Marketing  Order,  I believe  we 
should  review,  for  a few  moments, 
the  history,  intent  and  method  by 
which  our  Marketing  Order  was  es- 
tablished. 

Marketing  agreement  programs 
which  by  law  could  be  made  applic- 
able to  all  growers  and  handlers  in 
an  industry  were  first  made  avail- 
able by  the  Agricultural  Adjustment 
Act  of  1933.  The  programs  for  regu- 
lating marketings  authorized  by  that 
Act  were  based  upon  principles  de- 
veloped during  many  years  of  expe- 
rience on  the  part  of  growers  and 
handlers  who  had  sought  to  improve 
marketing  conditions.  Voluntary 
agreements,  developed  by  industry 


groups  and  designed  to  benefit  an 
entire  industry,  provided  no  means 
of  requiring  compliance  by  all  per- 
sons, and,  as  a result,  were  soon 
abandoned  because  of  non-compli- 
ance by  a few  individuals. 

The  Agricultural  Adjustment  Act 
authorized  the  entering  into  market- 
ing agreements,  governing  the  han- 
dling of  agricultural  commodities, 
by  producers,  associations  of  pro- 
ducers, and  processors.  In  1935  the 
Act  was  amended  to  provide  for  the 
issuance  of  Marketing  Orders  to  reg- 
ulate the  handling  of  certain  speci- 
fied agricultural  commodities. 

Due  to  the  various  provisions  of 
the  Act  there  arose  a conflict  of 
opinion  among  several  Federal 
Courts  concerning  the  validity  of 
the  Act  authorizing  marketing  agree- 
ments. In  order  to  clarify  the  legal 
status  of  marketing  agreements,  the 
Agricultural  Marketing  Agreement 
Act  of  1937  was  passed.  It  re-enact- 
ed and  amended  the  marketing 
agreement  and  marketing  order  pro- 
visions of  the  Agricultural  Adjust- 
ment Act  in  separate  legislation,  and 


thus  removed  the  technical  questions 
upon  which  some  of  the  adverse 
court  decisions  on  the  marketing 
programs  had  been  based. 

At  present  there  are  numerous 
U.  S.  Supreme  Court  decisions,  up- 
holding the  validity  of  the  Act. 
These  decisions  have  upheld  the  val- 
idity of  the  programs  and  confirmed 
the  constitutionality  of  the  Market- 
ing Agreement  Act  under  which 
marketing  orders  are  issued. 

During  that  same  year  the  Califor- 
nia Marketing  Act  of  1937  was 
passed,  the  content  of  which  was  vir- 
tually the  same  as  the  Federal  Act. 

The  purpose  of  marketing  order 
programs  for  agricultural  commodi- 
ties is  to  improve  and  maintain  the 
income  and  well-being  of  growers. 

The  Marketing  Order  for  Dates 
was  established  upon  the  testimony 
in  public  hearing  and  at  the  re- 
quest by  written  assent  of  you  grow- 
ers and  handlers.  The  first  season 
of  operation  of  the  present  Market- 
ing Order,  as  amended,  will  in  a 
short  time,  be  history.  Has  it  im- 
proved and  maintained  the  well- 
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being  of  growers?  Anyone  who  an- 
swers that  it  has  not  is  passing  hasty 
judgment.  A study  of  the  history  of 
any  one  of  the  27  marketing  orders 
in  effect  in  California  today  will  re- 
veal that  the  first  season  of  opera- 
tion was  not  too  different  from  our 
first  year  and  yet  today  the  value  to 
their  respective  industries  is  beyond 
the  fondest  hopes  of  the  originators. 

A marketing  order  program  is  a 
long  up-hill  pull,  requiring  the  co- 
operation of  the  entire  industry,  and 
not  an  over-night  relief  program  ad- 
ministered by  a few  leaders. 

Naturally  you  expect  to  see  re- 
sults but  do  not  lose  sight  of  the 
fact  that  many  improvement  pro- 
grams which  you  put  into  operation 
on  your  ranches  produce  no  visible 
results  for  several  years. 

We  believe,  however,  that  we  can 
show  some  immediate  results: 

1.  A very  substantial  amount  of 
fruit  of  undesirable  quality  was  di- 
verted into  other  channels  and  did 
not  compete  on  the  market  with 
your  better  quality  fruit.  Not  all  of 
the  undesirable  quality  dates  were 
diverted,  if  that  were  the  case  the 
history  of  our  marketing  order  would 
be  most  unique  compared  to  the  early 
years  of  other  marketing  orders.  The 
important  fact  is  that  some  such 
dates  were  diverted  and  that  is  a 
step  toward  the  ultimate  goal.  This 
would  not  have  been  accomplished 
this  year  without  the  Marketing 
Order. 

2.  Are  you  aware  of  the  fact  that 
your  Advisory  Board  is  authorized  to 
conduct  research  into  the  produc- 
tion, processing  or  distribution  of 
dates?  Your  Advisory  Board  felt 
that  one  of  the  most  pressing  prob- 
lems was  insect  infestation,  the  loss 
by  which  during  the  past  season  was 
estimated  conservatively,  after  much 
study,  at  one-half  million  dollars. 
Much  valuable  information  has  been 
compiled  by  your  Advisory  Board, 
on  this  problem,  and  on  April  27th 
your  Board  is  meeting  with  the 
heads  of  a number  of  Federal  and 
State  agencies,  the  result  of  which 


we  believe  will  be  a highly  acceler 
ated  program  of  control.  This  is  a 
direct  result  of  your  Marketing  Or- 
der. 

3.  When  the  annual  report  of  your 
Advisory  Board  is  promulgated, 
June  30th,  you  will  see  statistical 
data  such  as  has  never  before  been 
available  to  the  date  industry.  These 
statistics  could  not  have  been  com- 
piled with  as  high  a degree  of  ac- 
curacy by  any  other  method  than 
through  the  operation  of  a Market- 
ing Order. 

4.  Your  Advisory  Board  is  work- 
ing tirelessly  toward  new  outlets  for 
all  grades  of  dates  and  against 
all  encroachments  on  your  industry. 
One  phase  of  this  effort  will  reach 
fruition  in  the  near  future  and  the 
value  to  the  industry  will  be  many 
times  over  the  cost  of  administering 
the  Marketing  Order. 

Yes,  we  believe  that  we  can  show 
you  that  your  industry  has  benefited 
by  this  season’s  operation  of  the 
Marketing  Order  and  when  the  fin- 
ancial statement  of  the  Advisory 
Board  is  rendered  at  the  end  of  the 
fiscal  period,  you  will  agree  that  the 
Marketing  Order  has  been  adminis- 
tered economically. 

Now  that  the  current  season  is 
nearing  an  end  the  Advisory  Board 
is  not  sitting  by  waiting  for  the  next 
season  but  rather  is  working  harder 
than  ever  to  make  the  necessary  ad- 
justments in  the  operation  to  insure 
the  smoothing-out  of  this  season’s 
rough  spots. 

Plans  are  being  made  whereby  the 
inspectors  will  be  properly  schooled. 
Specifications  are  being  studied  and 
adjusted  so  as  to  be  as  nearly  mech- 
anical as  is  practical  to  insure  a 
higher  degree  of  uniformity  of 
grade.  Administrative  procedures 
are  being  scrutinized  with  the  re- 
duction of  the  present  rate  of  assess- 
ment the  objective.  The  entire  Mar- 
keting Order  is  being  studied  for  the 
purpose  of  further  simplification. 
New  procedures  are  being  estab- 
lished for  the  purpose  of  reducing 
the  amount  of  paper  work  on  the 


part  of  the  handlers.  A series  of 
meetings  is  being  held  with  hand- 
lers, packing  house  supervisors  and 
inspectors  for  the  purpose  of  cor- 
relating ideas  as  to  grades.  The 
manager  was  sent  to  Fresno  for  the 
purpose  of  making  a complete  sur- 
vey of  the  successfully  operated 
Marketing  Order  for  Figs  and  a 
number  of  simplified  procedures 
will  be  established  as  the  result. 

No  group  in  the  date  industry  has 
ever  worked  more  tirelessly  to  im- 
prove and  maintain  the  well-being 
of  the  growers  than  your  present 
Date  Advisory  Board. 

During  the  last  week  many  of  you 
have  been  in  attendance  or  testified 
at  the  public  hearing  on  the  pro- 
posed Federal  Marketing  Order. 
This  proposed  Order  will  tend  to 
perpetuate  the  entire  long-range 
Marketing  Order  program.  If  this 
order  is  issued,  many  services  of 
various  Federal  agencies  will  be 
available  to  the  industry.  All  of 
these  services  are  available  at  no 
cost  to  the  industry,  therefore,  the 
rate  of  assessment  will  not  be  in- 
creased. Better  quality  control  will 
be  possible  on  interstate  shipments 
of  dates  and  an  increased  amount  of 
statistical  data  will  be  available  to 
the  industry. 

The  date  industry  is  nationwide  in 
as  much  as  dates  are  marketed 
throughout  the  nation.  It  does  not 
then  follow  that  your  Marketing  Or- 
der should  be  confined  to  the  State 
of  California. 

In  conclusion,  I wish  to  leave  you 
with  three  thoughts: 

1.  The  Date  Advisory  Board  is  not 
attempting  to  mould  the  industry  to 
the  Marketing  Order  but  rather  is 
moulding  the  Marketing  Order  to 
the  industry. 

2.  The  Marketing  Order  program 
is  a long-range  program  for  the  im- 
provement of  the  industry  and  re- 
quires the  cooperation  of  everyone- — 
for — 

3.  Remember  the  banana — when 
it  leaves  the  bunch  it  gets  skinned. 
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Findings  of  the  Omphalia  Date  Root  Rot  Survey 

by  Glenn  KenKnight 


The  Omphalia  Date  Root  Rot  Sur- 
vey was  undertaken  as  a result  of  re- 
ports that  date  decline  is  caused  by 
either  of  two  species  of  Omphalia, 
that  it  is  the  most  serious  disease  of 
date  palms  in  California,  and  that 
the  fungi  can  be  spread  from  one 
orchard  to  another  on  date  off- 
shoots. It  was  estimated  that  about 
one  percent  of  the  date  acreage  in 
the  Coachella  Valley  was  affected 
(6).  To  prevent  further  spread,  a 
quarantine  was  recommended  (5) 
and  put  into  practice.  I was  em- 
ployed by  the  State  Department  of 
Agriculture  to  lead  a survey  to  lo- 
cate sources  of  Omphalia-free  off- 
shoots. 

Last  year  I reported  that  Ompha- 
lia had  been  found  in  about  10  per- 
cent of  all  date  root  samples  taken. 
However,  some  people  expressed  the 
opinion  that  “the  cream  had  been 
skimmed”  with  regard  to  Omphalia, 
that  considerable  sources  of  Ompha- 
lia-free  offshoots  might  yet  be  avail- 


able, and  that  the  survey  should 
continue. 

Last  year  the  literature  was  re- 
viewed briefly  and  some  phases  of 
the  problem  were  discussed  (10). 
These  will  not  be  duplicated  here. 

Diagnosis  and 
the  Quarantine 

The  difficulty  of  diagnosing  date 
decline  from  symptoms  has  been 
pointed  out  by  all  who  have  investi- 
gated the  disorder.  A severely  de- 
clined palm  resembles  an  abandoned 
palm  that  survives  without  appreci- 
able growth.  If  severely  declined 
palms  are  present,  they  are  usually 
surrounded  by  moderately  weak 
ones  or  by  palms  that  look  all  right 
but  tend  to  produce  only  dry  fruit. 
There  are  a few  moderately  weak 
palms  in  almost  every  orchard.  In 
some  good  orchards  there  are  areas 
where  the  palms  are  far  below  aver- 
age. If  these  orchards  received  less 
care,  these  areas  might  resemble  de- 
cline areas.  Occasional  weak  palms 


may  have  arisen  from  weak  off- 
shoots that  got  off  to  a slow  start, 
were  soon  shaded,  and  so  never  had 
a chance  to  equal  their  neighbors. 
Fawcett  and  Klotz  pointed  out  that 
decline  areas  start  with  one  or  a 
few  weak  palms  and  spread  until 
definite  limits  seem  to  be  reached 
(9). 

The  isolation  of  Omphalia  has 
been  regarded  as  the  most  reliable 
means  of  diagnosing  date  decline 
(6).  However,  even  from  weak 
palms  in  the  alphabet  gardens*, 
Omphalia  has  usually  been  obtained 
from  only  a small  fraction  of  the 
root  samples  (Table  II). 

According  to  the  survey  outline 
“After  the  presence  of  Omphalia  has 
been  established  on  one  or  more 
trees  in  an  orchard,  then  all  the 
trees  in  that  orchard  having  typical 


*Orchards  in  which  Omphalia  had 
been  found  prior  to  the  survey  were 
designated  by  letters  of  the  alpha- 
bet (6). 


Figure  One— Inverse  Relation  between  the  Price  of  Dates  and  the  Number  of  Declined  Palms  in  the 
Type  Orchard  for  Date  Decline  (Garden  G) 
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Data  on  number  of  declined  palms  taken  from  Hilgardia  16  (2);  74.  1944.  Price  curve  based  on  graph  prepared  by  W.  W.  Cook, 
President,  California  Date  Growers'  Association,  showing  price  per  pound  received  by  a typical  Deglet  Noor  grower. 
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TABLE  1. 

Results  of  Plating  Root  Sa 

mples 

Species 

Number  of 

No.  yielding 

percent 

samples 

Omphalia 

positive 

Phoenix  dactylifera 

3226 

315 

10 

P.  canarensis 

54 

0 

0 

P.  reclinata 

1 

0 

0 

P.  sylvestris 

10 

3 

30 

Butia  bonneti 

1 

0 

0 

Sabal  texana 

2 

0 

0 

Cocos  plumosa 

22 

0 

0 

Washingtonia  filifera 

106 

0 

0 

— 

— 

— 

3422 

318 

9 

DATE  PALMS 

Imported  Varieties 

2923 

292 

10 

Algerian 

2435 

201 

8 

Deglet  Noor 

2397 

193 

8 

Iteema 

8 

1 

15 

Rhars 

20 

7 

35 

Thoory 

10 

0 

0 

Iraqian 

321 

70 

22 

Barhee 

44 

1 1 

25 

Halawy 

23 

7 

30 

Khadrawy 

128 

30 

23 

Khustawy 

17 

0 

0 

Zahidi 

109 

22 

20 

Egyptian 

85 

1 1 

13 

Hayany 

7 

0 

0 

Saidy 

78 

1 1 

14 

Moroccan 

Medjhool 

15 

0 

0 

Unclassified 

27  misc.  soft 

30 

4 

13 

Unidentified 

37 

7 

19 

Seedling 

305 

23 

8 

female 

191 

12 

6 

male 

114 

1 1 

10 

symptoms  of  the  disease  may  reason- 
ably be  assumed  to  be  affected.” 
Thus  if  Omphalia  is  found  in  2 out 
of  20  root  samples  in  an  orchard, 
all  weak  palms  there  may  be  regard- 
ed as  Omphalia-positive.  Two  out  of 
20  is  10  percent.  That  is  the  average 
yield  of  Omphalia  from  all  root  sam- 
ples. With  no  more  than  an  average 
yield  of  Omphalia,  I hesitated  to 
designate  all  the  weak  palms  as  hav- 
ing Omphalia  when  that  decision  in- 
volved a quarantine  taking  in  nearly 
half  an  acre  around  each  infected 
palm  or  group  of  palms,  and  in- 
volved the  recommendation  that  the 
offshoots  (then  worth  10  dollars 
each)  on  the  palms  in  the  quaran- 
tine area  be  killed  with  stove  oil.  It 
seemed  necessary  to  eliminate  the 
possibility  that  the  weakness  in  a 
palm  might  be  due  to  some  mechan- 
ical injury,  inadequate  irrigation, 
poor  drainage,  poor  soil,  or  some 
other  cause.  Progressive  decline, 
spread  within  an  orchard,  and 


spread  by  offshoot  movement  are  all 
attributes  of  date  decline  as  des- 
cribed, and  observations  thereon  are 
a part  of  diagnosis.  As  a conse- 
quence of  these  observations,  no 
palm  was  reported  as  having  Om- 
phalia root  rot  unless  Omphalia  was 
isolated  from  its  roots. 

Little  attempt  has  been  made  to 
outline  infested  areas.  In  some  cases 
Omphalia  has  been  found  in  5 or 
10  percent  of  the  samples  from  Deg- 
let  Noor  palms  where  there  had  been 
no  reason  to  suspect  any  of  the 
palms.  It  seemed  probable  that  fur- 
ther sampling  would  give  a some- 
what similar  percentage,  and  there 
would  be  little  purpose  in  sampling 
all  the  palms  around  a known  in- 
fected palm  unless  all  the  other 
palms  were  sampled  too.  The  70  foot 
quarantine  was  purely  arbitrary.  In 
an  earlier  recommendation  (5)  10 
palm  spaces  was  given  as  the  safe 
distance  from  which  to  procure  off- 
shoots. That  involves  8 acres  for 


each  infected  palm  or  group  of 
palms,  and  that  is  near  the  average 
size  of  date  orchards  in  the  Coa- 
chella Valley.  The  purpose  of  the 
survey  was  to  find  sources  of  Om- 
phalia-free  offshoots,  and  it  seemed 
that  this  could  be  accomplished 
quicker  by  moving  on  to  another  or- 
chard if  Omphalia  was  found. 

Expansion  of  Decline  Areas 

In  Garden  G the  decline  area 
spread  from  31  palms  in  1928  to  58 
in  1933,  and  decline  made  its  ap- 
pearance in  three  other  blocks  prop- 
agated from  offshoots  from  the  ini- 
tial decline  block  (8).  Thereafter 
the  orchard  received  better  care. 
The  small  decline  areas  disappeared, 
and  the  original  area  returned  to 
its  old  boundary.  In  Garden  V and 
in  some  adjoining  orchard  blocks 
that  were  practically  abandoned  for 
a time,  the  margins  of  the  decline 
areas  became  indefinite  but  tended 
to  reestablish  themselves  when  the 
orchards  again  received  care.  In 
Garden  T decline  swept  through  a 
block  in  a drought  pattern  (10).  In 
Garden  Q,  in  both  the  1915  and 
1923  blocks  of  Deglet  Noor,  the 
palms  all  show  the  effect  of  pro- 
longed neglect,  and  have  made  rela- 
tively little  response  to  improved 
care.  In  the  same  orchard,  decline 
was  reported  to  have  caused  consid- 
erable damage  in  the  1928  block 
( 6,  p.  80 ) , but,  with  better  care,  the 
decline  area  has  disappeared.  This 
tendency  for  young  palms  to  recover 
more  readily  than  old  ones  is  evi- 
dent also  in  Garden  B.  For  several 
years  the  orchard  received  very  lit- 
tle water.  When  care  was  restored, 
the  younger  palms  recovered,  but 
the  palms  of  the  1915  block  still 
look  very  weak. 

It  appears  that  decline  areas  in 
orchards  receiving  moderate  care 
usually  reach  definite  limits  within 
8 to  12  years  after  the  planting  date. 
As  a result  of  neglect  or  abandon- 
ment because  of  low  date  prices  or 
fear  of  Omphalia  root  rot,  decline 
may  sweep  through  the  entire  plant- 
ing hut  generally  stops  abruptly  at 
property  lines. 

Latent  Period 

Measurement  of  duration  of  lat- 
ent period  lias  been  made  only  with 
young  palms;  it  is  the  time  from  the 
date  of  planting  to  the  appearance 
of  decline  symptoms.  This  is  report- 
ed to  be  about  5 to  7 years  (6).  Ac- 
tually younger  palms  also  vary 
greatly  in  vigor,  and  some  may  be 
chlorotic,  hut  the  weak  ones  begin 
to  look  decrepit  only  after  the  oldest 
leaves  begin  to  die  and  the  produc- 
tion of  new  leaves  does  not  keep 
pace.  A Deglet  Noor  leaf  is  said  to 
remain  green  and  useful  for  about 
7 years.  Some  of  the  leaves  are  2 or 
3 or  more  years  old  when  the  off- 
shoots are  set  out.  This  seems  sig- 
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TABLE  II. 


Results  of  Root  Platings  from  ALPHABET  GARDENS 
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21 

4 

9 

33 
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0 
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19 
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21 
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37 

2 

24 
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nificant  in  relation  to  the  duration 
of  the  latent  period.  The  relation  of 
amount  of  irrigation  to  the  latent 
period  was  discussed  last  year  (13). 

Spread  by  Offshoots 
Offshoots  from  the  type  orchard 
for  date  decline  have  an  excellent 
record  (10).  There  are  many  orch- 
ards that  were  planted  in  whole  or 
in  part  from  offshoots  from  orchards 
where  decline  exists,  but  it  is  not 
usually  known  how  many  or  which, 
if  any,  of  the  palms  came  from 
palms  in  or  near  the  decline  area. 
However,  there  are  100  palms  on 
property  No.  8 that  came  from  off- 
shoots from  severely  declined  palms 
on  Property  No.  48.  At  five  years  of 
age,  these  100  palms  look  healthy 
and  appear  more  vigorous  than 
other  palms  of  the  same  age  from 
other  sources  planted  on  this  prop- 
erty. The  palms  in  the  decline  area 
on  property  No.  48  came  from  Gar- 
den Z,  which  in  turn  had  received 
offshoots  from  Garden  Q. 

Orchard  Management 
The  most  characteristic  symptom 
of  decline  is  retardation  in  growth. 
Aldrich  (1)  employed  growth  meas- 
urement of  Deglet  Noor  palms  as  a 
criterion  of  adequate  water  penetra- 
tion. Fawcett  and  Klotz  observed 
(9)  that  decline  is  less  likely  to  oc- 
cur in  well-kept  orchards.  In  Figure 


1 it  is  shown  that  the  number  of  de- 
clined palms  in  Garden  G,  the  type 
orchard  for  date  decline,  has  varied 
inversely  with  cents  per  pound  re- 
turns to  growers.  The  implication  is 
that  profit  and  loss  have  affected  the 
degree  of  care  given  the  orchard  and 
this  has  affected  the  appearance  of 
the  palms.  The  recent  owner  sunk 
post  holes  in  the  old  decline  area 
and  struck  hard,  dry  soil, — he  was 
not  getting  the  water  down. 

Soil 

Fawcett  and  Klotz  (9)  considered 
decline  to  be  in  some  way  related  to 
the  soil.  Although  weak  palms  may 
be  found  in  orchards  on  any  soil 
type,  about  two-thirds  of  the  more- 
or-less  typical  decline  areas  are  on 
Indio  very  fine  sandy  loam,  about 
one-fourth  on  Coachella  very  fine 
sand,  and  the  rest  on  Coachella  fine 
sand  (Table  IV).  However,  the  sig- 
nificance of  this  is  lessened  by  the 
fact  that  these  are  the  principal  soils 
on  which  the  Deglet  Noor  variety  is 
grown. 

Indio  very  fine  sandy  loam:  On 

this  soil  type  occur  most  of  the  large 
decline  areas  that  have  received 
scientific  attention,  including  Gar- 
dens G,  K,  L,  N,  R,  T,  Z,  and  the 
constellation  of  decline  areas  in  the 
vicinity  of  Martinez.  Kocher  and 
Harper  (11)  point  out  that  local 


hard  pans  occur  in  this  soil  type, 
particularly  in  the  vicinity  of  Mar- 
tinez. The  spots  with  hard  pan  be- 
low are  never  continuous  over  any 
considerable  area,  but  occur  in 
patches  through  the  fields. 

Coachella  very  fine  sand:  With 
the  exception  of  a part  of  Garden  Z, 
the  decline  areas  in  the  high  school 
district  are  on  this  soil  type.  As  a 
rule,  the  soil  appears  to  be  much 
heavier  in  the  decline  areas  than 
where  the  palms  look  normal. 

Coachella  fine  sand:  Of  the  many 
orchards  on  this  soil  type,  there  are 
large  decline  areas  in  Gardens  B 
and  C,  property  No.  78,  and  in  at 
least  one  unnumbered  orchard.  Both 
B and  C,  have  been  inadequately 
watered  in  the  past,  and  on  C,  in 
the  worst  decline  area,  the  surface 
soil  appears  to  have  been  stripped 
about  3 feet  (six  ft.  to  coarse  sand 
in  the  good  area,  3 ft.  to  same  in  de- 
cline area;  good  orchard  to  south 
about  3 ft.  higher).  The  owner  of 
property  No.  78  considers  that  the 
soil  in  the  decline  area  holds  water 
less  well,  but  is  unable  to  give  it 
supplementary  irrigation  because  of 
inadequate  water  supply. 

Deglet  Noor 

From  the  first  the  decline  disease 
has  been  associated  with  the  Deglet 
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Noor  variety,  which  constitutes 
about  90  percent  of  the  date  plant- 
ings in  the  Coachella  Valley.  Al- 
though other  varieties  are  affected 
by  degree  of  care,  Deglet  Noor  ap- 
pears to  be  one  of  the  most  suscep- 
tible to  drought.  It  appears  that 
palms  of  other  varieties,  although 
they  make  poor  growth  with  water 
shortage,  retain  their  old  leaves 
longer  and  do  not  give  the  appear- 
ance of  being  diseased.  In  Garden 
C,  there  are  two  Khadrawy  palms 
which  have  received  little  water  and 
which  at  times  have  been  surround- 
ed by  lawn.  At  15  years  of  age  these 
palms  look  like  normal  palms  of  5 
or  6 years,  whereas  the  Deglet  Noor 
between  them  has  typical  decline 
symptoms  with  few  and  chlorotic 
leaves  (10,  table  V).  In  Garden  Q, 
the  trunk  height  measurements  of 
palms  in  a Zahidi  block  at  18  years 
of  age  varied  from  2 to  22  feet.  This 
block  adjoins  a block  of  Deglet 
Noor  planted  in  1915  where  the 
spread  of  decline  has  been  studied 
(6).  The  severely  stunted  Zahidi 
palms  have  relatively  few  sound 
roots,  but  they  retain  their  leaves 
and  give  the  appearance  of  being 
younger  palms. 

Association  of  Omphalia 
with  Decline 

Another  year  of  survey  has  not 
changed  the  trend  of  results  prev- 
iously reported  (13).  Omphalia  has 
been  found  in  several  of  the  best 
and  in  many  good  orchards  in  the 
Coachella  Valley. 

Pathogenicity 

Although  Omphalia  will  dampoff 
small  date  seedlings*,  most  mature 
date  seedlings  have  been  regarded 
as  resistant  to  decline  (6).  Ompha- 
lia has  been  found  on  the  Deglet 
Noor  variety  in  78  orchards.  These 
78  orchards  may  be  regarded  as  ex- 
perimental plantings  to  determine 
how  much  damage  Omphalia  does. 
If  Omphalia  spreads  only  by  root 
contact  and  offshoot  movement  (6), 
the  finding  of  Omphalia  in  an  orch- 
ard indicates  that  it  has  been  there 
since  the  time  of  planting,  and  you 
have  only  to  estimate  the  age  of  the 
palms  to  know  approximately  how 
long  the  palms  have  been  infested. 
Unfortunately,  these  are  experi- 
ments without  controls,  for  we  are 
not  sure  that  any  orchards  are  whol- 
ly free  from  Omphalia.  The  type 
orchard  for  Omphalia  root  rot  (Gar- 
den D)  is  one  of  the  most  produc- 
tive date  orchards  in  California. 
Root  Lesions 

Brownish,  sometimes  sunken,  le- 
sions on  large  roots  of  declined 

*ln  the  greenhouse  date  seedlings  grown 
in  soil  infested  with  nematodes  from  date 
roots  have  been  very  severely  stunted. 
However,  nematodes  have  not  been  con- 
sidered of  major  importance  on  ■(nature 
palms. 


TABLE  III. 

Occurrence  of  Omphalia  and  Date  Decline  in  the 
ALPHABET  GARDENS* 

Affected  Palms  not  Removed 

A.  Palms  now  recovered 

Garden  M:  Omphalia  from  1 palm,  now  in  fair 
condition. 

Garden  U:  20  palms  regarded  as  declined 
1937.  Nov/  in  fair  condition. 

Garden  G:  Decline  areas  reported  in  1944  for 
Blocks  II,  III,  IV  are  no  longer  evi- 
dent. 

Garden  Q:  Disease  reported  to  have  caused 
considerable  loss  in  1928  block  of 
Deglets.  Palms  now  in  fair  condition. 

B.  No  recent  extension  of  decline 

Garden  N:  17  declined  palms,  no  extension 
since  1 935. 

Garden  G:  Block  I— Decline  spread  from  1 palm 
in  1921  to  33  in  1928,  59  in  1934 
(depression),  and  receded  to  37 
1947.  No  permanent  spread  since 
1928. 

Garden  K:  82  declined  palms  noted  1939,  only 
45  1947. 

Garden  W:  Many  weak  palms. 

Garden  V:  Many  weak  palms. 

C.  Further  extension  of  decline 

Garden  Q:  1923  block— 8 declined  palms  1931, 
66  1937,  111  1947. 

Garden  Q:  1915  block:  68  1938,  69  1932,  118 
1936,  208  1947. 

Garden  Y:  (Thermal)  one  declined  palm  report- 
ed 1943,  three  very  weak  and  many 
sub-normal  1946. 

Affected  palms  removed 

A.  Eradication  attempted  by  soil  fumigation  (3,  7,  8). 

1.  Unsuccessful:  Extension  of  decline  symptoms  after 
treatment. 

(a)  Omphalia  not  eradicated 

Garden  O:  6 palms  spaces  fumigated  1939. 

Garden  B:  1 palm  space  fumigated  1935. 

Garden  C:  North  block— 15  spaces  fumigated 
1934. 

2.  Only  one  weak  palm  and  no  spread  later 

(a)  No  further  root  sampling 

Garden  F:  1 palm  space  fumigated  1943. 

Garden  J:  1 palm  space  fumigated  1935. 

(b)  Root  samples  negative  in  subsequent  sampling 

Garden  E:  1 palm  space  fumigated  1939 

(3  root  samples  1947). 

3.  A few  weak  palms  and  no  spread  later 
(a)  No  further  root  sampling 

Garden  A:  about  6 spaces  fumigated  1934-39. 

4.  No  decline:  Khadrawy  palms 

(a)  Unsuccessful:  Omphalia  found  on  further 

sampling. 

Garden  I:  3 spaces  fumigated  1942 
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B.  Soil  not  sterilized 

1.  Declined  palms  removed  and  spaces  replanted 

(a)  Replanted  palms  apparently  normal 
Garden  R:  about  100  spaces  replanted  1938. 

Omphalia  still  present. 

Garden  S:  18  spaces  replanted  about  1941. 

No  further  sampling. 

(b)  Replanted  palms  declined 

Garden  P:  7 acres  replanted  about  1933. 

Severe  decline  but  much  improved 
with  better  care. 

Garden  T:  20  Deglet  Noor  and  20  Khadrawy 

interplanted  in  decline  area  1933. 
Deglets  declined. 

2.  Declined  palms  removed 

Garden  H:  Orchard  extinct. 

Garden  Z:  Further  extension  of  decline. 

3.  No  typical  decline  symptoms  then  or  later. 

Affected  palms  died  of  rhizosis  (rapid  decline). 

Garden  D:  The  type  orchard  for  Omphalia 

pigmentata.  Omphalia  still  present. 
Garden  Y:  (Garnet)  Omphalia  still  present. 

‘Orchards  in  which  Omphalia  was  found  1930-43.  See  literature  citations  2,  3,  4,  5, 
6,  7,  8. 


palms  have  been  described  and  il- 
lustrated (6).  During  the  course  of 
the  survey,  these  have  been  found 
to  be  a good  source  of  Omphalia. 
However,  as  has  been  pointed  out 
(9),  these  brown  patches  occur  on 
the  roots  of  apparently  healthy  as 
well  as  on  declined  palms,  and  Om- 
phalia is  sometimes  obtained  from 
less  characteristic  lesions,  especially 
from  necrotic  tips  of  small  roots  on 
apparently  healthy  as  well  as  de- 
clined palms  (10). 

Spread  of  Omphalia 

The  survey  was  based  on  the  pre- 
mise that  these  species  of  Omphalia 
are  not  native  to  the  date  growing 
areas  of  California,  but  were  intro- 
duced from  elsewhere.  During  the 
survey  Omphalia  has  not  been  found 
on  native  flora,  although  more  than 
a hundred  quarts  of  root  samples 
from  native  plants  have  been  incu- 
bated in  moist  chambers,  and  it  has 
not  been  found  on  the  native  fan 
palm,  nor  on  seedlings  of  palms  of 
any  species  outside  commercial  date 
growing  areas.  However,  Omphalia 
appears  to  be  fairly  prevalent  on  the 
roots  of  seedling  date  palms  in  the 
commercial  areas,  even  when  the 
seedlings  are  in  pure,  or  nearly  pure 
stands  (Table  V).  It  appears  likely 
that  Omphalia  was  introduced,  prob- 
ably from  Iraq,  and  possibly  from 
other  countries  also;  it  seems  evi- 
dent that  Omphalia  spreads  more 
readily  than  has  been  assumed. 

The  ease  of  isolation  of  Omphalia 
from  seedlings  appears  to  be  related 
to  the  stand  in  which  they  appear. 
Desert  valley  seedlings  in  pure 
stand  or  with  Deglet  Noor  yield  Om- 
phalia from  about  8 percent  of  the 
root  samples,  that  is,  the  same  as  for 
Deglet  Noor.  Seedlings  in  stands  of 
soft  dates  (mostly  Iraqian  varieties) 
yield  Omphalia  from  more  than  20 
percent  of  the  samples  as  do  the  soft 
dates.  No  Omphalia  at  all  has  been 
obtained  from  seedlings  outside  des- 
ert valleys. 

Date  culture  in  the  Coachella  Val- 
ley began  in  the  southeastern  part 
of  the  valley  near  Mecca  where  soft 
date  varieties  have  been  and  are  still 
commonly  grown.  In  that  area  Om- 
phalia is  far  more  readily  found 
than  farther  to  the  north  and  west. 
This  may  be  partly  a matter  of  va- 
riety, but  not  wholly  so.  There  Om- 
phalia is  prevalent  on  seedlings  as 
well  as  on  standard  varieties. 

In  August,  1947,  during  cool 

cloudy  weather,  Omphalia  mush- 
rooms developed  in  the  greenhouse 
in  abundance.  It  seems  likely  that 
this  could  happen  outside  also. 
Omphalia  mushrooms  have  caps  the 
size  of  a dime  or  smaller,  and  with- 
er away  in  a day  or  two  if  not  pro- 
tected in  a moist  chamber.  In  the 
debris  or  grass  at  the  base  of  palms. 


they  would  pass  unnoticed  by  most 
people.  It  is  possible  that  mushrooms 
have  played  an  important  part  in 
the  distribution  of  Omphalia. 

From  the  record  of  the  order  in 
which  the  root  samples  were  taken, 
one  can  determine  how  many  sam- 
ples were  required  to  find  the  first 
Omphalia-isolate  in  each  orchard.  It 
will  be  noted  that  with  both  soft 
dates  (Table  VI)  and  Deglet  Noor 
(Table  VII),  the  results  fall  short 
of  expectation  based  on  the  hypothe- 
sis that  the  distribution  of  Ompha- 
lia is  completely  random.  The  devia- 
tion of  observed  from  expected  is 
largely  due  to  the  tendency  of  some 
orchards  to  yield  Omphalia  readily. 

Sources  of  Omphalia-free 
Offshoots 

The  finding  of  Omphalia  in  seed- 
lings does  not  prove  that  these  spe- 
cies of  Omphalia  are  native,  but  it 
does  indicate  that  there  is  no  escape 
from  Omphalia.  In  orchards  where 
root  sampling  has  not  yielded  Om- 
phalia, there  is  no  assurance  that 
further  sampling  would  not  disclose 
it  even  on  palms  that  have  been 
sampled.  Sometimes  Omphalia  has 
been  isolated  from  a second  sample 
from  a palm  where  the  first  sample 
was  negative,  or  even  from  a third 
sample  where  the  first  two  were 
negative.  Failure  to  isolate  Ompha- 
lia from  a root  sample  is  not  good 
evidence  that  it  is  not  there.  Ompha- 
lia produces  no  spores  on  its  myce- 
lium and  does  not  compete  well  with 
other  fungi  found  in  decaying  date 
roots.  It  has  been  rather  puzzling 


that  different  sets  of  root  samples 
from  the  same  orchard  block  have 
sometimes  given  radically  different 
results.  For  example,  property  No. 
51  was  sampled  three  times,  all 
samples  coming  from  a thrifty 
block  of  Zahidi  and  Khadrawy.  Few 
samples  were  taken  on  each  occa- 
sion because  those  varieties  usually 
yield  Omphalia  readily.  Although 
Omphalia  appeared  to  be  present,  it 
was  not  isolated  in  pure  culture 
from  any  of  the  first  19  root  sam- 
ples, the  longest  run  of  negatives  on 
record  where  dealing  with  Iraqian 
varieties.  However,  Omphalia  was 
obtained  from  12  of  the  next  18 
samples. 

Omphalia  root  rot  is  said  to  affect 
seriously  only  the  Deglet  Noor  va- 
riety, while  other  varieties  are  con- 
sidered to  be  more  or  less  resistant 
(6).  So,  for  a moment,  let  us  con- 
sider only  Deglet  Noor  palms  in 
orchards  that  have  not  been  seri- 
ously neglected,  and  where  decline 
is  not  a problem.  We  have  obtained 
Omphalia  from  about  one-third  of 
such  orchards  in  the  first  ten  sam- 
ples (Table  VIII).  Of  the  remain- 
der, nearly  half  have  given  one  or 
more  Omphalia  isolates  in  the  next 
20  samples.  We  have  exceeded  30 
samples  with  the  Deglet  Noor  va- 
riety in  only  5 “hold-out”  orchards,, 
one  of  which  is  on  the  list  by  de- 
fault. It  was  previously  listed  as 
positive,  but  the  positive  palm 
turned  out  not  to  be  Deglet  Noor. 
These  orchards  range  from  fair  to 
very  good,  but  include  none  of  the 
very  best  orchards  in  the  valley.  We 
have  no  assurance  that  further  sam- 
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pling  would  not  disclose  Omphalia. 

With  soft  date  varieties  Omphalia 
has  been  obtained  from  one  or  more 
of  the  first  five  root  samples  in  more 
than  half  of  the  orchards  sampled. 

Omphalia  has  been  found  on  a 
total  of  78  properties  in  the  Coa- 
chella Valley,  5 in  the  Imperial 
Valley,  2 in  the  Borego  Valley,  1 in 
Death  Valley,  1 at  Riverside,  1 at 
Yuma,  Arizona,  and  it  appears  prob- 
able that  this  list  could  be  extended 
indefinitely.  Omphalia  has  been 
found  on  palms  derived  from  every 
important  importation  of  offshoots 
from  North  Africa  and  Asia  Minor 
(10).  It  appears  probable  that  Om- 
phalia could  be  found  also  on  sev- 
eral properties  near  Phoenix,  Ari- 
zona, at  Weslaco,  Texas,  and  in  Pal- 
estine, because  we  know  that  those 
plantings  came  from  Omphalia-in- 
fested  sources.  Where,  then,  should 
we  go  to  find  Omphalia-free  off- 
shoots? 

Control  of  Date  Decline 

Date  decline  is  usually  correlated 
with  areas  where  difficulty  is  ex- 
perienced in  obtaining  water  pene- 
tration. As  suggested  by  Kocher  and 
Harper  (11),  holding  the  water  on 
these  areas  longer  at  each  irrigation 
should  help  the  situation.  Where  old 
palms  are  severely  declined,  it  may 
be  uneconomic  to  attempt  to  bring 
them  back  into  production.  Several 
years  of  good  care  would  be  neces- 
sary to  reestablish  a root  system, 
and  it  seems  doubtful  that  the  palms 
would  ever  be  as  good  as  palms  that 
had  never  undergone  decline.  In 
soils  that  take  water  slowly,  inter- 
planting with  citrus  seems  inadvis- 
able. Long  standing  water  necessary 
to  irrigate  the  palms  thoroughly  will 
promote  gummosis  in  the  citrus. 

As  pointed  out  by  Bliss,  some 
soft  date  varieties  appear  to  thrive 
better  in  decline  areas  than  does 
Deglet  Noor.  The  latter  does  not  ap- 
pear to  do  well  in  tight  soil.  Decline 
also  appears  to  occur  in  areas  where 
the  soil  has  a lower  water-holding 
capacity  than  the  rest  of  the  orch- 
ard. There,  more  frequent  irrigation 
for  the  area  in  question  would  seem 
to  be  the  answer. 

Removal  of  declined  palms  and 
replanting  to  palms  should  be  done 
only  if  the  grower  is  prepared  to 
give  special  attention  to  irrigation 
of  the  decline  area.  He  should  make 
sure  that  adequate  water  penetration 
can  be  obtained  for  date  culture.  If 
the  soil  is  not  suited  to  Deglet  Noor, 
some  other  variety  or  some  other 
crop  should  be  grown. 

Conclusions 

Omphalia  is  widespread  on  the 
roots  of  date  palms  in  California. 
It  has  been  obtained  from  about  10 
percent  of  all  root  samples.  How- 
ever, it  appears  evident  that  Om- 


TABLE  IV. 


Soil  Type  in  Relation  to  Omphalia  and  Date  Decline  In  the  Lower 

Coachella  Valley 


Soil  Type 

Properties  with  large 
decline  areas 

Properties  sampled 

Percent  yielding 
Omphalia 

Samples  Taken 

Percent  yielding 
Omphalia 

Superstition  Sand 

0 

l 

100 

18 

6 

Coachella  Fine  Sand 

3 

16 

69 

357 

12 

Coachella  Very  Fine  Sand 

8 

14 

71 

561 

1 1 

Indio  Very  Fine  Sandy  Loam 

22 

33 

61 

744 

10 

Indio  Very  Fine  Sand 

0 

3 

100 

70 

21 

Indio  Loam 

0 

6 

83 

156 

9 

Indio  Clay  Loam 

0 

2 

50 

29 

24 

Indio  Clay  Loam,  Silty  Phase 

0 

4 

50 

49 

8 

Indio  Clay 

0 

2 

50 

31 

3 

TOTAL 

33 

81 

67 

2015 

1 1 

TABLE  V. 


Effect  of  Location  on  Results  of  Plating  Root  Samples  from 
SEEDLING  DATE  PALMS 


Location 

Male  Palm 
Fraction  % 

Female 

Fraction 

Palm 

% 

Average 

% 

Desert  Valleys 

Pure 

stands 

2/17 

12 

9/140 

6 

7 

with 

Deglet  Noor 

4/53 

8 

1/  18 

6 

7 

with 

Soft  dates 

5/22 

23 

2/  9 

22 

23 

Upland 

Pure 

stands 

0/22 

0 

0/  24 

0 

0 

Total 

s 

11/114 

10 

12/191 

6 

8 

TABLE  VI. 

Number  of  Samples 

Required  to  Find  Omphal 

ia 

All  "Soft' 

' Date  Varieties* 

NUMBER 

OF  PROPERTIES 

— 

a 

E 

O 

"o 

-c  ~o 
a c 

P 3 

tgative  with 
further 
mpling 

-O 

at 

at 

"V 

2 c 

o> 

•E  o 

~D  — 

•2 
>-  a 

f 

-o 

2 at 
O O' 

S2 

|S 

u ° 

pected  % 
ndom  Dist. 

0 

CO 

0.2 

zSS 

fid 

#0 

<£ 

w s 

1 St 

7 

7 

50 

14 

14 

19 

2nd 

4 

3 

36 

1 1 

24 

35 

3rd 

3 

2 

29 

10 

31 

47 

4th 

3 

3 

24 

13 

40 

57 

5th 

5 

0 

18 

28 

57 

66 

6th 

1 

1 

13 

8 

60 

72 

7th 

1 

1 

11 

9 

63 

77 

8th 

2 

2 

9 

22 

71 

87 

9th 

1 

0 

20 

6 

77 

85 

12 

0 

2 

4 

92 

20 

1 

0 

2 

50 

89 

99 

48 

1 

0 

1 

100 

100 

100 

29 

21 

*Omphalia  was  found  on  Deglet  Noor  or  male  palms  on  six  of  the  properties  listed 


as  negative  for  soft  date  varieties. 
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phalia  is  present  on  the  roots  of  a 
much  higher  percentage  of  palms. 
It  seems  unsafe  to  assume  that  any 
orchard  is  wholly  free  from  Ompha- 
lia.  Consequently,  in  obtaining  date 
offshoots,  there  seems  to  be  no  rea- 
son to  discriminate  against  orchards 
where  Omphalia  has  been  found. 

The  appearance  of  decline  symp- 
toms in  date  palms  may  possibly 
arise  from  numerous  causes.  It  is 
most  commonly  associated  with  in- 
adequate irrigation  or  failure  to  get 
sufficient  water  penetration  in  tight 
soil.  It  is  possible  that  the  tight 
soil  is  unfavorable  to  the  Deglet 
Noor  variety  for  other  reasons  than 
the  difficulty  of  wetting  it  to  a suf- 
ficient depth. 
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TABLE  VII. 

Number  of  Samples  Required  to  Find  Omphalia 
DEGLET  NOOR 


Excluding  Seriously  Neglected,  Abandoned  and 
Alphabet  Orchards 


NUMBER  OF 

P R O P E R T 1 

E S 

Sample 

Omphalia 

found 

Negative  with 
no  further 
sampling 

Total 

considered 

% Yielding 
Omphalia 

Accumulated 

percentage 

Expected  % 
random  Dist. 

1 St 

5 

5 

77 

6 

6 

5 

2nd 

6 

5 

67 

9 

15 

10 

3rd 

3 

1 

56 

5 

19 

15 

4th 

4 

0 

52 

8 

26 

20 

5th 

1 

1 

48 

2 

27 

24 

6th 

1 

1 

46 

2 

29 

28 

7th 

2 

0 

44 

5 

33 

32 

8th 

0 

1 

42 

35 

9th 

0 

1 

41 

39 

10 

1 

0 

40 

3 

35 

42 

1 1 

0 

1 

39 

.... 

.... 

45 

12 

1 

2 

38 

3 

36 

48 

13 

1 

2 

35 

3 

38 

51 

14 

1 

2 

32 

3 

40 

53 

15 

0 

1 

29 

.... 

56 

16 

0 

0 

28 

.... 

58 

17 

0 

3 

28 

.... 

60 

18 

0 

3 

25 

0 

0 

62 

19 

1 

1 

22 

5 

43 

64 

20 

0 

3 

20 

66 

22 

3 

0 

17 

18 

52 

71 

23 

0 

2 

14 

72 

24 

0 

2 

12 

73 

25 

0 

1 

10 

74 

26 

1 

1 

9 

1 1 

57 

76 

28 

0 

1 

7 

17 

64 

78 

30 

1 

0 

6 

80 

35 

0 

1 

5 

85 

42 

0 

1 

4 

90 

49 

0 

1 

3 

93 

59 

0 

1 

2 

96 

66 

0 

1 

1 

.... 

.... 

97 

32 

45 

TABLE  VSJL- 

-Results  of 

Root  Plati 

ngs  By  Locality. 

County 

Deglet  Noor 

Soft 

Male 

Seedling 

Sum 

Riverside 

Coach 

ella 

Valley 

184/2298 

87/413 

10/  85 

12/160 

293/2956 

Imperial 

Imperial 

Valley 

1/  7 

6/  74 

0/  2 

1/  15 

8/  98 

San  Diego 

Borego 

Valley 

4/  27 

4/  30 

1/  6 

0 

9/  63 

San  Diego 

& Vicinity 

0/  8 

0/  2 

0/  13 

0/  24 

0/  47 

Inyo 

Death 

Valley  1/  40 

3/  7 

0 

0 

4/  47 

Yuma,  Arizona 

3/  16 

.. 

3/  16 

San  Bernardino 

Redlands 

0/  5 

0/  4 

0/  9 

193/2396 

100/526 

11/111 

13/203 

317/3236 
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Insect  Infestation  and  Fungus  Spoilage  of  Dates 
Their  Relation  and  Control  ' 

D.  L.  Lindgren,  D.  E.  Bliss,1 2 3 4  and  D.  F.  Barnes3  4 


In  1946  Bliss  (2)  reported  the  use 
of  a new  fungicidal  dust,  Thiomate 
“19”  (a  mixture  of  5 per  cent  Fer- 
mate  and  95  per  cent  sulphur),  for 
controlling  date-fruit  spoilage,  and 
also  indicated  a reduction  in  the 
number  of  nitidulid  beetles  on  dates 
where  fungus  spoilage  had  been 
nearly  eliminated.  Bliss  and  Lind- 
gren (4)  found  both  the  number  of 
beetles  and  the  number  of  beetle- 
infested  fruits  to  be  reduced  where 
the  amount  of  fungus  spoilage  had 
been  decreased  by  treatment  with 
Thiomate  “19.” 

The  present  paper  reports  investi- 
gations during  1947  on  insect  infes- 
tation and  fungus  spoilage  of  dates 
in  the  Coachella  Valley,  California. 
These  investigations  included  ex- 
periments with  Thiomate  “19”  and 
other  fungicides,  and  with  insecti- 
cides used  singly  or  in  combination 
with  fungicides.  New  information  is 
presented  on  the  importance  of  sani- 
tation in  the  control  of  the  nitidulid 
beetles,  and  also  on  the  relative 
abundance  of  the  various  species  of 
beetles  and  moths  that  infest  the 
dates. 

Materials  and  Methods 

The  fungicidal  and  insecticidal 
dust  experiments  consisted  of  six 
test  plots  scattered  rather  widely 
over  the  Coachella  Valley,  as  fol- 
lows: Deglet  Noor  plots  near  Indio 
and  Coachella,  Khadrawy  plots  near 
Indio  and  Mecca,  a Medjhool  plot 
near  Indio,  and  a Saidy  plot  at  Palm 
Village.  There  were  84  fruit  bunches 
in  the  Deglet  Noor  plot  near  Indio 
and  30  fruit  bunches  in  each  of  the 
other  plots.  The  bunches  were  even- 
ly distributed  on  all  sides  of  the 
palms  and  were  of  such  height  as 
to  permit  dusting  and  fruit-picking 
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Quarantine,  Agricultural  Research  Adminis- 
tration, U.S.  Department  of  Agriculture. 
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and  R.  S.  Dillman  for  supplying  plant  ma- 
terials. 


operations  from  the  ground  or  with 
the  aid  of  a short  ladder. 

The  first  dust  treatments  were  ap- 
plied on  July  23,  1947.  Some 

bunches  that  were  dusted  prior  to 
the  rain  of  August  8 were  redusted 
after  the  rain.  The  Deglet  Noor  plot 
at  Coachella  was  dusted  twice,  first 
on  August  13  and  then  again  on 
September  17.  Nine  of  the  Deglet 
Noor  bunches  near  Indio  were  treat- 
ed twice  with  the  various  insecti- 
cides used.  The  experimental  dust- 
ings were  relatively  heavy  and  thor- 
ough, more  dust  being  applied  to 
the  bunches  than  in  ordinary  field- 
dusting operations.  On  the  Deglet 
Noor  and  Saidy  varieties,  the  dusts 
were  applied  after  the  fruit  bunches 
had  been  covered  with  paper  tubes 
(bags),  or,  in  the  case  of  the  soft 
dates,  just  prior  to  wrapping  the 
bunches  with  cheesecloth. 

Certain  date  bunches  were  entire- 
ly enclosed  in  tubes,  33  inches  in 
diameter,  made  of  a fine-mesh.  1.8- 
ounce  cotton  marquisette  similar  to 
the  mosquito  netting  used  by  the 
armed  services.  These  tubes  were 
slipoed  over  the  fruit  bunches  and 
tied  around  the  fruitstalk  and  also 
below  the  fruitstrands.  Some  of  the 
tubes  were  treated  chemically  by 
dipping  them  in  solutions  of  experi- 
mental insecticides. 

Various  fungicidal  and  insecti- 
cidal dusts  were  applied  to  the  date 
bunches  during  the  1947  season 
(table  4).  Thiomate  “9”  is  a mix- 
ture of  10  per  cent  Fermate  in  sul- 
phur. Zerlate  is  closely  related  to 
Fermate  but  differs  in  that  the 
active  ingredient,  zinc  dimethyl  di- 
thiocarbamate.  contains  zinc  instead 
of  ferric  iron.  Three  of  the  many 
new  synthetic  insecticides  were  test- 
ed, namely:  benzene  hexachloride 
and  Hepta-Klor,  which  contain  chlo- 
rine; and  parathion,  which  is  a thio- 
phosphate.  Most  of  the  dust  mix- 
tures were  compounded  in  a ball 
mill  in  our  own  laboratories.  The 
wire  rings  used  were  of  the  crimped 
tvoe  described  by  Bliss  and  Bream 
(3)  in  1940. 

In  experiments  on  insect  control 
by  garden  sanitation,  insecticidal 
materials  were  sprayed  on  the 
ground  where  nitidulid  beetles  were 
breeding  in  fallen  dates.  These  in- 
secticides were  either  dissolved  in 
low-grade  kerosene  or  dispersed  in 
water,  and  were  applied  with  a 
knapsack  pressure  sprayer,  both  be- 
fore and  after  irrigation. 

Only  those  insecticides  found  to 


be  toxic  to  the  nitidulid  beetles  un- 
der laboratory  conditions  were  in- 
cluded in  the  field  tests.  In  tests  of 
insecticidal  materials,  beetles  were 
allowed  to  walk  on  6-inch  squares 
of  cotton  cloth  impregnated  with 
the  various  chemicals.  The  cloth  was 
first  soaked  in  acetone  containing  5 
or  10  per  cent  of  a certain  chemical. 
The  acetone,  upon  evaporating,  left 
a finely  divided  deposit  of  the  chem- 
ical on  all  surfaces  of  the  fabric. 
The  beetles,  after  walking  on  the 
treated  cloth  for  a period  of  15  or 
30  seconds,  were  placed  in  a petri 
dish,  and  “knockdown”  and  mortal- 
ity counts  were  made  at  regular  in- 
tervals. The  treated  cloth  was  then 
placed  outside  and  exposed  to  the 
weather,  and  other  tests  were  made 
to  determine  how  long  the  residue 
on  the  cloth  remained  toxic  to  the 
insects.  Many  tests  could  thus  be 
made  in  a short  time.  In  the  past 
several  years  practically  all  the  new 
insecticides  have  been  tested  in  this 
way.  Elimination  of  those  materials 
that  had  no  effect  on  date  insects  in 
the  laboratory  narrowed  the  scope 
of  the  field  work  to  those  com- 
pounds that  showed  the  most  prom- 
ise, namely,  benzene  hexachloride, 
chlordan,  Hepta-Klor,  and  para- 
thion. 

The  method  of  picking  and  hand- 
ling the  experimental  fruit  was  sim- 
ilar to  that  used  in  the  1946  experi- 
ments (4),  except  that  each  reading 
of  insect  infestation  was  made  from 
a 50-fruit  sample  collected  at  ran- 
dom from  a fruit  bunch  at  the  be- 
ginning of  a picking  (instead  of 
later  from  fumigated  lots  of  fruit) 
and  securely  tied  in  a new  paper 
sack  to  prevent  escape  of  the  insects. 
All  samples  were  fumigated  with 
methyl  bromide  before  being  exam- 
ined in  the  laboratory  for  infesta- 
tion, fruit  quality,  and  fungus  spoil- 
age. 

Results 

Environmental  Factors.  In  1947 
the  important  effects  of  temperature 
and  moisture  on  the  date-fruit  spoil- 
age complex  were  again  clearly  in- 
dicated. The  dates  developed  more 
rapidly  than  usual  because  of  the 
relatively  warm  weather  throughout 
the  winter  and  spring  months.  At 
Mecca,  for  instance,  the  monthly 
mean  air  temperatures  ranged  from 
3.0  to  5.0  degrees  Fahrenheit  above 
normal  during  January,  February, 
and  March,  and  from  1.3  to  3.8  de- 
grees above  normal  during  the  fnl- 
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Table  1 

. -—  Rainfall 
California 

Recorded  at  Palm  Springs,  Indio,  and 
i,  July  to  December,  1947,  Inclusive.* 

Mecca, 

Date 

Rainfall,  in  inches,  at— 

Palm  Springs 

Indio 

Mecca 

July  1 

-31 

Aug. 

7 

0.75 

8 

0.06 

0.09 

1.99 

10 

0.05 

0.05 

Sept. 

19 

0.16 

20 

0.05 

0.02 

Oct. 

12 

Trace 

Trace 

13 

Trace 

Trace 

0.06 

14 

Trace 

0.02 

0.04 

Nov. 

15 

0.01 

16 

0.02 

22 

Trace 

23 

Trace 

Dec. 

2 

0.04 

0.09 

0.03 

4 

0.26 

0.29 

5 

0.94 

0.03 

6 

0.50 

7 

Trace 

0.40 

‘Climatological  Data,  California  Section,  U.S.  Weather  Bureau,  Vol.  51,  1947. 


Table  2.— Average  Percentage  of  Dates  of  the  Four  Varieties  Infest- 
ed with  Beetles  (Nitidulids)  and  Moths  (Pyralids,  Ephestia 
and  Plodia  Spp.)  During  the  1946  and  1947  Seasons. 
(100,000  dates  cut  open  and  examined.) 


Insects 

Deglet  Noor 

Medjhool 

Khadrawy 

Saidy 

1946 

Nitidulids 

10.5 

5.3 

4.8 

7.2 

Pyralids 

2.3 

5.4 

0.9 

0.2 

1947 

Nitidulids 

19.7 

2.6 

6.0 

15.9 

Pyralids 

1.0 

7.9 

0.8 

0.7 

Table  3.— Percentages  of  th< 

s Four  Species 

of  Nitidulid 

Beetles 

Found  in 

Dates  of 

Four  Varieties 

in  Six  Gardens 

;,  1947. 

Date  Variety  and 

Carpophilus 

Carpophilus 

Urophorus 

Haptoncus 

Location  of  Garden 

hemipterus 

dimidiatus 

humeralis 

luteolus 

Deglet  Noor: 

Coachella 

11.2 

88.4 

0.0 

0.4 

Indio 

0.4 

99.1 

0.0 

0.5 

Saidy: 

Palm  Village 

13.7 

83.5 

2.6 

0.2 

Khadrawy: 

Indio 

9.0 

85.0 

3.3 

2.7 

Mecca 

20.0 

74.0 

1.0 

5.0 

Medjhool: 

Indio 

0.0 

92,8 

7.2 

0.0 

Weighted  average 

8.1 

90.5 

0.6 

0.8 

lowing  three  months.5  By  mid- 
summer the  dates  were  thought  to 
be  2 weeks  ahead  of  schedule.  Pre- 
cipitation in  a storm  from  August  7 
to  10  varied  considerably  throughout 
the  valley  (table  1).  There  were 
heavy  showers  at  Palm  Village,  Coa- 
chella, and  Mecca,  but  the  most 
rainfall  was  recorded  at  the  Mecca 
weather  station.  This  storm  occurred 
at  a critical  period,  when  the 
earliest  Deglet  Noor  fruit  was  sus- 
ceptible both  to  water  injury  and  to 
fungus  spoilage,  and  the  quality  of 
this  fruit  was  greatly  reduced,  es- 
pecially in  bunches  having  poor  aer- 
ation. 

The  midseason  and  late-maturing 
bunches  of  Deglet  Noor  variety  were 
injured  in  September  and  early  Oc- 
tober by  excessively  hot,  desiccating 
weather.  Considerable  sunburning  of 
fruitstalks  and  fruitstrands  and  pre- 
mature shriveling  of  dates  resulted, 
especially  on  the  south  and  west 
sides  of  the  palms.  Khadrawy  dates 
at  Indio  were  noticeably  affected,  as 
were  also  the  more  exposed  bunches 
of  Deglet  Noor  dates  that  were  cov- 
ered with  crepe-paper  tubes  contain- 
ing 12  to  15  per  cent  wax.  The  tem- 
perature immediately  beneath  the 
paner  had  apparently  risen  to  such 
high  levels  that  the  fruits  on  the 
outer  surfaces  of  the  fruit  bunches 
had  been  killed  by  heat  (sun- 
burned), a type  of  injury  studied  re- 
cently by  Nixon  and  Reuther  (5). 

Dry  or  shriveled  dates  had  little 
or  no  fungus  spoilage,  but  those 
with  high  moisture  content  in  poor- 
ly ventilated  bunches  were  usually 
much  affected.  Masses  of  wet,  sour- 
ing fruit  at  the  center  of  large,  com- 
pact bunches,  especially  of  the 
Khadrawy  variety,  were  found  to  be 
the  foci  for  great  numbers  of  niti- 
dulid  beetles,  as  were  also  dates 
that  had  been  injured  mechanically. 

In  general,  more  fungus  spoilage 
and  insect  infestation  were  found  on 
the  north  or  northwest  side  of  a 
palm  than  on  the  south  side,  and 
during  the  hottest  part  of  the  day 
the  nitidulid  beetles  seemed  to  mi- 
grate away  from  the  fruit  bunches. 
These  trends  are  attributed  to  the 
changing  diurnal  effects  of  solar  ra- 
diation on  the  relative  humidity  of 
the  air  and  on  the  temperature  and 
moisture  content  of  the  fruit. 

Insect  Infestation  and  Fruit 
Spoilage.  The  percentage  of  insect- 
infested  fruit  varied  from  garden  to 
garden,  but  in  general  the  heaviest 
infestations  were  in  areas  receiving 
the  greatest  amount  of  rainfall.  The 
early -maturing  Medjhool  and  Khad- 
rawy varieties  were  not  so  severely 
infested  with  nitidulid  beetles  as  the 
later-maturing  Deglet  Noor  and 
Saidy  varieties  (table  2).  This  type 
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(5)  Climatological  Data,  California  Sec- 
tion, U.S.  Weather  Bureau,  Vol.  51,  1947. 


of  infestation  appeared  to  be  cor- 
related with  the  length  and  season 
of  the  harvest,  because  in  1947  the 
experimental  fruit  of  Medjhool  and 
Khadrawy  varieties  was  harvested 
during  the  35-day  period  August  21 
to  September  25,  while  that  of  the 
Deglet  Noor  and  Saidy  varieties  was 
harvested  during  the  84  days  from 
September  11  to  December  4.  The 
infestation  of  dates  by  the  pyralid 
moths  Ephestia  figulilella  Greg,  and 
Plodia  interpunctella  (Hbn.)  oc- 
curred principally  in  the  Medjhool 
plot,  where,  in  1947,  more  dates 
were  found  to  be  infested  with  these 
moths  than  with  the  nitidulid  beet- 
les. In  the  Deglet  Noor  plots,  how- 
ever, there  were  20  dates  infested 
with  beetles  to  1 infested  with  moths. 
Considering  the  total  insect  infesta- 
tion in  the  four  experimental  varie- 
ties, both  in  1946  and  in  1947,  the 
greatest  damage  occurred  in  Deglet 
Noor  dates,  and  the  least  in  Khad- 
rawy. 

There  were  four  species  of  niti- 
dulid beetles  present  in  the  dates 
examined  during  the  1947  season 
(table  3).  Carpophilus  dimidiatus 
(Fab.),  the  corn  sap  beetle,  was 
found  to  be  the  most  abundant  (90.5 
per  cent  of  the  beetles  were  of  this 


species),  with  C.  hemipterus  (L.), 
the  dried-fruit  beetle,  second  (ac- 
counting for  8.1  per  cent).  In  1924 
Stickney  (7)  listed  C.  hemipterus  as 
the  only  nitidulid  beetle  infesting 
dates  in  the  Coachella  Valley,  and 
even  in  the  early  1930’s  it  was  ap- 
parently the  predominant  species 
(1).  Just  why  C.  dimidiatus  was  so 
much  more  abundant  in  1947  is  not 
known. 

The  results  of  applications  of  the 
various  fungicide  and  insecticide 
dusts  on  the  dates  for  the  control  of 
insects  were  variable  (tables  4 and 
5),  and  it  is  rather  difficult  to  draw 
any  definite  conclusions.  In  general, 
it  can  be  stated  that  the  application 
of  insecticidal  dusts  reduced  the 
number  of  beetle-infested  dates  to 
some  extent.  The  initial  kill  of  beet- 
les by  the  insecticide  probably  re- 
duced the  number  of  insects  in  the 
bunch,  but  the  residual  or  persistent 
effect  was  not  long  enough  to  keep 
the  beetles  from  reinfesting  the 
bunch  prior  to  picking.  Tempera- 
tures of  100°  F.,  or  above,  cause- 
these  insecticides  to  lose  their  ef- 
fectiveness very  rapidly,  especially 
when  the  finely  divided  material  has 
been  spread  thinly  over  a surface. 
To  control  insects  on  dates  effective- 


ly, any  insecticide  should  have  a 
prolonged  residual  effect  of  3 or  4 
weeks;  if  the  residual  effect  is 
shorter  than  this,  weekly  applica- 
tions may  be  necessary.  Such  appli- 
cations are  costly  and  also  involve 
the  problem  of  toxic  residues  unless 
the  insecticide  can  be  satisfactorily 
removed  from  the  dates  before  con- 
sumption. 

The  reduction  in  insect  infestation 
when  various  fungicides  were  ap- 
plied as  dusts  was  evident  during 
the  1947  season,  but,  as  with  the  in- 
secticides, the  results  were  not  en- 
tirely conclusive.  Of  30  experiments 
with  fungicidal  dusts,  all  but  2 (in 
1 of  which  a combination  of  insecti- 
cidal and  fungicidal  dusts  was  used) 
showed  reduction  in  the  number  of 
beetle-infested  dates,  and  differences 
in  14  of  the  experiments  were  sig- 
nificant. In  gardens  where  the  beetle 
infestation  was  high  (15  to  25  per 
cent ) , however,  the  reduction  was 
not  enough  to  meet  the  grading 
standards  of  the  packing-house.  The 
present  tolerance  for  insect  infesta- 
tion is  well  under  5 per  cent,  and 
from  tables  4 and  5 it  is  evident 
that  this  tolerance  was  reached  in 
only  a few  tests  with  the  Deglet 
Noor  variety.  Reduction  in  beetle- 


Toble  4.— Effect  of  Various  Treatments  on  Fruit  Quality,  Fungus  Spoilage,  and  Insect  Infestation 

of  Deglet  Noor  Dates  at  Indio,  1947. 


Total 
Amount 
of  Fruit 

(kg.) 

Fruit- 
Quality 
Rating 
(10  = 
perfect) 

1 n f e s t a t i 

ion  by 

Treatment 

Fungus 
Spoilage 
(per  cent) 

Pyralid 
Moths* 
(per  cent) 

Nitidulid 
Beetles! 
(per  cent) 

None  (control) 

123.5 

5.2 

27.0 

1.6 

12.3 

Thiomate  "19" 

59.2 

5.4 

19.2 

0.8 

7.6 

Gamma  isomer  of  benzene  hexachloride, 
0.75  per  cent  in  Thiomate  "19" 

43.1 

4.6 

25.1 

0.6 

12.3 

Zerlate,  5 per  cent  in  sulphur 

45.8 

5.7 

12.5 

0.6 

6.4 

Yellow  Cuprocide,  10  per  cent  in  sulphur 

56.7 

6.3 

10.3  + 

0.2 

3.1  § 

Hepta-Klor,  0.75  per  cent  in  Thiomate  "19" 

54.2 

5.7 

15.8 

0.1 

6.7 

Parathion,  1 per  cent 

57.8 

V 

5.9 

18.1 

0.2 

8.7 

Sulphur 

61.6 

17.3 

1.1 

37§ 

Fermate,  5 per  cent  in  Frianite 

61.6 

5.3 

25.4 

2.0 

14.1 

Thiomate  "9" 

56.7 

5.0 

13.2 

0.9 

6.7 

Copper-A  Compound,  22  per  cent 
in  sulphur 

51.9 

7.0 

13.3 

1.7 

6.4 

Wire  ring 

48.7 

5.8 

19.8 

1.9 

8.0 

Wire  ring  and  Thiomate  "19" 

38.0 

6.9 

6.9§ 

0.1 

4.1  * 

*The  raisin  moth,  Ephestia  figulilella  Greg.,  and  the  Indian-meal  moth,  Plodia  interpunctella  (Hbn.),  both  of  the  order  Lepidoptera, 
family  Pyralidae. 

tCarpophilus  hemipterus  (L.),  C.  dimidiatus  (Fab.),  Urophorus  humeralis  (Fab.),  and  Haptoncus  luteolus  ( E r . ) , all  of  the  order  Cole- 
optera,  family  Nitidulidae. 


^Significant  at  the  5 per  cent  level,  as  shown  by  the  "t"  test  (6). 
§Significant  at  the  1 per  cent  level. 
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Table  5.— Effect  of  Various  Treatments  on 

Fruit  Quality, 

Fungus 

Spoilage,  a 

nd  Insect 

Infestation 

of  Four  Varieties  of  Dates  of  the  Crop  of  1947. 

Fruit- 
Quality 
Rating 
(10  = 
perfect) 

Infestation  by 

Location  of  Garden  and 
Treatment  Used 

Amount 
of  Fruit 

(kg.) 

Fungus 
Spoilage 
(per  cent) 

Pyralid 
Moths 
(per  cent) 

Nitidulid 
Beetles 
(per  cent) 

Khadrawy 

p 

Indio: 

None  (control) 

51.2 

5.5 

3.7 

1.3 

5.5 

Thiomate  "1  9" 

Gamma  isomer  of  benzene  hexachloride. 

49.4 

5.9 

7.3 

4.2 

3.0 

0.75  per  cent  in  Thiomate  "19" 

50.8 

6.5 

3.8 

2.1 

1.0* 

Zerlate,  5 per  cent  in  sulphur 

64.5 

6.4 

2.3 

2.1 

1.2* 

Yellow  Cuprocide,  10  per  cent  in  sulphur 

60.1 

6.4 

4.4 

2.3 

1.8 

Mecca: 

None  (control) 

38.5 

6.1 

5.7 

0.2 

6.6 

Thiomate  "1  9" 

Gamma  isomer  of  benzene  hexachloride, 

33.1 

7.1 

2.7 

0.6 

0.7** 

0.75  per  cent  in  Thiomate  "19" 

36.2 

6.4 

0.9** 

0.1 

0.2** 

Zerlate,  5 per  cent  in  sulphur 

34.6 

6.6 

3.4 

0.3 

1.7* 

Yellow  Cuprocide,  10  per  cent  in  sulphur 

34.2 

6.4 

1.9* 

0.2 

0.2** 

Medjhool 

Indio: 

None  (control) 

49.2 

6.3 

5.2 

7.9 

2.6 

Thiomate  "19" 

Gamma  isomer  of  benzene  hexachloride, 

36.4 

6.6 

3.3 

0.5 

0.6 

0.75  per  cent  in  Thiomate  "19" 

51.2 

6.1 

7.4 

0.7 

1.2 

Zerlate,  5 per  cent  in  sulphur 

38.5 

6.1 

3.4 

0.4 

0.7 

Yellow  Cuprocide,  10  per  cent  in  sulphur 

47.0 

6.4 

4.1 

0.7 

1.1 

Deglet  Noor 

Coachella: 

None  (control) 

45.0 

6.5 

12.5 

0.4 

27.1 

Thiomate  "1  9" 

Gamma  isomer  of  benzene  hexachloride, 

50.5 

5.9 

8.9 

0.0 

11.7* 

0.75  per  cent  in  Thiomate  "19" 

47.4 

6.1 

13.2 

0.1 

16.7 

Zerlate,  5 per  cent  in  sulphur  / 

48.9 

5.7 

11.7 

0.3 

16.3 

Yellow  Cuprocide,  10  per  cent  in  sulphur 

44.9 

6.6 

15.1 

0.3 

14.1 

Saidy 

Palm  Village: 

None  (control) 

52.8 

5.3 

26.2 

0.7 

15.9 

Thiomate  "1  9" 

Gamma  isomer  of  benzene  hexachloride, 

46.6 

5.9 

12.5* 

0.0 

4.0** 

0.75  per  cent  in  Thiomate  "19" 

49.0 

4.3 

13.7** 

0.0 

3.5** 

Zerlate,  5 per  cent  in  sulphur 

39.2 

5.6 

13.1** 

0.1 

5.2* 

Yellow  Cuprocide,  10  per  cent  in  sulphur 

54.1 

5.6 

10.1  ** 

0.2 

1.0** 

’Significant  at  the  5 per  cent  level. 
’’Significant  at  the  1 per  cent  level. 
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infested  fruit  of  the  Khadrawy  va- 
riety was  significant  in  6 out  of  8 
experiments,  however,  and  the  final 
infestation  was  well  below  the  5 per 
cent  tolerance.  The  reduction  in  the 
number  of  beetle-infested  Saidy 
dates  was  significant  in  all  4 ex- 
periments, and  the  percentage  of  in- 
fested fruit  at  the  time  of  picking 
was  below  the  5 per  cent  level,  al- 
though almost  16  per  cent  of  the  un- 
treated dates  were  infested.  The  rea- 
son why  such  efficient  control  of  the 
beetles  was  obtained  with  the  Khad- 
rawy and  Saidy  varieties,  but  not 
with  the  Deglet  Noor,  is  not  known. 
In  no  case  did  the  application  of  in- 
secticidal or  fungicidal  dusts  signifi- 
cantly reduce  the  number  of  fruits 
infested  with  pyralid  moths. 

The  question  arises  as  to  whether 
the  various  fungicidal  dusts  act  as 
insecticides;  that  is,  whether  they 
have  a direct  toxic  or  repellent  ef- 
fect on  the  insects,  or  whether  their 
action  is  indirect,  the  reduction  in 
fungus  and  bacterial  spoilage  mak- 
ing the  dates  less  attractive  to  the 
insects.  The  nitidulid  beetles  that 
are  found  in  dates  are  primarily 
scavengers,  feeding  generally  on 
souring  or  fermenting  dates  or  on 
any  type  of  decaying  plant  material 
that  is  available.  Especially  in 
Khadrawy,  the  greatest  number  of 
beetles  were  found  in  those  bunches 
in  which  the  dates  had  been  mashed 
mechanically  by  a leaf  stalk,  or 
where  masses  of  sour  dates  occurred 
at  the  center  of  large,  tight  bunches. 
Since  the  beetles  were  principally 
' attracted  to  sour  or  fermented  dates, 
and  not  to  sound  dates,  it  appears 
probable  that  the  beetle  infestation 
was  reduced  indirectly  by  prevent- 
ing fungus  spoilage  and  thus  mak- 
ing the  dates  less  attractive  to  the 
insects.  A few  spoiled  dates  in  a 
bunch  attracted  many  beetles.  Dur- 
ing the  1947  season,  insect  infesta- 
tion in  dates  was  reduced  signifi- 
cantly in  14  experiments,  and  the 
percentage  of  fungus-infected  fruit 
was  reduced  significantly  in  8 of 
these.  In  every  case  in  which  fungus- 
infected  fruit  was  decreased  signifi- 
cantly by  the  use  of  fungicidal  dusts, 
the  number  of  beetle-infested  fruits 
was  also  reduced.  This  indicates  a 
positive  correlation  between  the  de- 
gree of  fungus  spoilage  and  that  of 
insect  infestation. 

Fungus  Spoilage.  Since  fungus 
spoilage  (calyx-end  rot,  side  spots, 
souring,  etc.)  is  now  considered 
largely  responsible  for  attracting  the 
nitidulid  beetles  into  the  fruit 
bunches,  there  is  additional  reason 
for  combating  it.  The  results  of  the 
fungicidal  experiments  in  1947,  al- 
though not  so  clear-cut  as  those  of 
previous  years  (2,  4),  demonstrated 
again  that  substantial  amounts  of 
dates  may  be  saved  by  such  treat- 
ments (tables  4 and  5).  The  use  of 


Yellow  Cuprocide  in  sulphur  gave 
significant  differences  in  three  test 
plots,  but  its  desirability  was  ques- 
tioned because  of  a black,  unsightly 
residue  left  on  the  ripened  fruit.  In 
the  Deglet  Noor  plot  near  Indio, 
Zerlate  in  sulphur,  Thiomate  “9”. 
and  Copper-A  Compound  in  sulphur 
also  showed  promise  (table  4).  Fun- 
gus spoilage  was  controlled  most  ef- 
fectively, however,  where  wire  rings 
had  been  inserted  between  the  fruit- 
strands  and  the  fruit  had  been  dust- 
ed with  Thiomate  “19”.  Since,  in  the 
other  test  plots  (table  5),  treatment 
with  Thiomate  “19”  was  usually 
as  effective  as  that  with  Zerlate  in 
sulphur,  or  slightly  more  effective, 
there  is  reason  to  consider  Thiomate 
“19”  the  most  satisfactory  fungicide 
of  the  group. 

Netting  Experiments.  In  the  net- 
ting experiments  designed  to  ex- 
clude insects  from  the  fruit  bunches, 
the  beetle  infestation  was  reduced  to 
2 per  cent  or  less,  or,  under  some  of 
the  nets  treated  with  benzene  hexa- 
chloride,  was  entirely  eliminated. 
Although  the  chemical  treatment 
was  very  effective  against  the  beet- 
les, it  was  not  satisfactory  because 
of  the  disagreeable  taste  imparted 
to  the  dates  that  touched  the  nets. 
Somewhat  variable  results  were  ob- 
tained with  the  untreated  netting 
covers,  but  a reduction  in  beetle  in- 
festation was  apparent.  It  is  believed 
that  in  most  cases  the  covers  were 
put  on  too  late,  many  insects  being 
present  in  the  bunches  before  the 
covers  were  installed.  An  advantage 
to  covers  tied  at  the  bottom  was  that 
none  of  the  dates  dropping  from  the 
bunch  could  reach  the  ground;  they 
were  caught  in  the  net  and  destroyed 
at  the  time  of  picking.  This  prevent- 
ed any  build-up  of  beetles  in  the 
dates  that  would  normally  have  fall- 
en to  the  ground. 

Garden  Sanitation  In  Insect 
Control.  Observations  made  during 
the  past  three  years  (1945-1947)  in- 
dicate that  the  principal  increase  in 
beetle  populations  in  the  date  gar- 
dens occurs  in  the  dates  that  drop 
to  the  ground  and  remain  there  to 
decay.  This  condition  is  ideal  for 
the  development  of  the  beetles  for 
the  following  reasons:  (a)  because 
dates  moistened  by  irrigation  water 
soon  begin  to  decay  and  provide  fav- 
orable feeding  conditions;  (b)  be- 
cause the  immature  stages  of  the 
beetles  cannot  survive  desiccation ; 
and  (c)  because  the  beetle  larvae, 
which  nupate  only  in  the  soil,  can 
pass  from  the  date  to  the  soil  with 
an  almost  certain  chance  of  survival. 
During  the  past  three  seasons  the 
relation  between  beetle  population 
in  the  soil  and  date  overlay  has  been 
observed  many  times.  No  insects 
were  found  in  soil  having  no  dates 
present  on  the  surface,  whereas 
many  were  found  where  the  overlay 


of  decaying  dates  was  heavy. 

A series  of  experiments  was  start- 
ed in  1947  to  determine  whether  the 
overlay  of  dates  could  be  sprayed 
with  an  insecticide  that  would  kill 
all  the  insects  present  on  and  in  the 
dates  and  prevent  any  infestation 
from  building  up  in  these  dates  for 
a 3-  or  4-week  period.  Chlordan, 
benzene  hexachloride,  and  parathion 
were  tested,  but  benzene  hexachlor- 
ide dissolved  in  kerosene  appeared 
most  promising.  Heavilv  infested 
dates  were  spread  on  2-foot  squares 
in  several  experimental  plots.  One 
group  of  plots  was  irrigated,  the 
other  group  was  kept  dry.  Each 
group  consisted  of  a control  plot,  a 
kerosene-sprayed  plot,  and  three 
plots  sprayed  with  kerosene  contain- 
ing different  amounts  of  benzene 
hexachloride.  On  the  day  following 
treatment  the  plots  were  checked  for 
initial  kill  of  insects.  In  those  plots 
sprayed  with  kerosene  containing 
benzene  hexachloride,  the  ground 
was  covered  with  dead  beetles  and 
larvae;  in  the  plot  treated  only  with 
kerosene,  very  few  dead  beetles  were 
present;  and  in  the  control  plot  no 
dead  insects  were  found.  Data  were 
recorded  in  each  of  the  following  4 
weeks.  In  the  control  and  kerosene- 
sprayed  dates,  the  beetles  had  con- 
tinued to  develop  and  to  increase 
to  such  an  extent  that  after  4 weeks 
there  was  little  left  of  the  dates.  In 
the  adjoining  plots  that  had  been 
treated  with  kerosene  and  benzene 
hexachloride,  the  dates  had  not  be- 
come reinfested,  and  only  three  or 
four  living  adult  beetles  were  ob- 
served. These  beetles  had  probably 
just  flown  onto  the  dates.  Benzene 
hexachloride  in  kerosene  had  thus 
killed  practically  all  the  beetles 
present,  and  had  prevented  the  dates 
from  becoming  reinfested  during  a 
period  of  4 weeks. 

Large  experiments  involving  en- 
tire date  gardens  are  planned  for 
the  coming  season.  These  gardens 
are  to  be  treated  to  determine  just 
what  effect  control  of  the  beetle  de- 
velopment in  dates  on  the  ground 
will  have  on  the  beetle  population 
in  general,  and  particularly  on  the 
beetle  population  present  in  the 
bunches. 

Strict  garden  sanitation  involving 
the  entire  agricultural  area  of  the 
Coachella  Valley  may  be  the  solu- 
tion to  the  beetle  problem.  Cleaning 
up_  all  breeding  places  in  the  or- 
chard, especially  early  in  the  season, 
is  thought  to  be  an  important  step 
toward  reducing  the  insect  popula- 
tion. At  temperatures  above  80°  F. 
the  nitidulid  beetles  require  only 
from  2 to  3 weeks  to  complete  their 
life  cycle.  The  mean  average  air 
temperature  at  Indio  is  87°  during 
June,  92°  during  July,  and  91°  dur- 
ing August.  This  indicates  that 
where  dates  are  lying  on  the  ground 
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4 to  6 generations  of  beetles  can  de- 
velop from  June  to  fruit  harvest. 
Since  one  female  beetle  is  capable 
of  laying  500  eggs,  a tremendous 
population  of  beetles  may  result 
even  from  a single  pair  of  indivi- 
duals^ during  a period  of  two  or 
three  months.  Observations  indicate 
that  the  population  of  beetles  is  very 
small  in  the  orchard  in  May,  but 
that  it  increases  with  the  appear- 
ance of  the  first  “June  drops.”  Disc- 
ing the  fallen  dates  into  the  soil 
does  not  control  the  beetles  because 
the  larvae  in  the  infested  dates  will 
pupate  in  the  soil  and  emerge  as 
adults.  If  all  the  fallen  dates,  start- 
ing with  those  of  the  first  “June 
drop,”  could  be  picked  up  or  treated 
so  that  the  insects  could  not  develop 
in  them,  it  would  aid  in  reducing  the 
oopulation  of  beetles.  The  greatest 
build-up  of  beetles  occurs  in  the 
dates  on  the  ground,  and  from  there 
the  beetles  are  attracted  to  the  fruit 
bunches.  Fruit  losses  could  be  re- 
duced by  efficient  and  rapid  fumi- 
gation of  ripened  dates  soon  after 
picking.  This  would  also  tend  to 
eliminate  the  possibility  of  reinfesta- 
tion of  other  picked  dates  and  pre- 
vent beetles  from  migrating  back 
into  the  garden. 

Furthermore,  the  dumping  of 
fruit  and  garbage  into  open  pits 
should  be  avoided,  especially  in  the 
late  spring  and  summer,  since  in  the 
Coachella  Valley  the  nitidulid  beet- 
les also  feed  on  grapefruit,  sweet 
corn,  pomegranates,  figs,  tomatoes, 
and  grapes.  These  hosts  are  believed 
to  carry  the  beetles  over  in  large 
numbers  during  the  winter,  spring, 
and  early  summer,  when  there  is  lit- 
tle food  for  the  insects  in  the  date 
garden.  Sanitation,  therefore,  is  now 
considered  to  be  one  of  the  princi- 
pal means  of  reducing  the  potential 
population  of  nitidulid  beetles  in 
dates. 

Summary 

Four  species  of  nitidulid  beetles. 


Carpophilus  hemipterus  ( L. ) , Car- 
pophilus  dimidiatus  (Fab.),  Uro- 
phorus  humeralis  (Fab.),  and  Hap- 
toncus  luteolus  (Er.),  of  which  indi- 
viduals of  C.  dimidiatus  represented 
90.5  per  cent  of  the  total,  and  two 
species  of  pyralid  moths,  Ephestia 
figulilella  (Greg.),  and  Plodia  in- 
terpunctella  (Hbn.),  infested  the 
fruit  of  the  four  date  varieties  in  the 
six  experimental  plots  of  these  stud- 
ies in  1947.  The  early-maturing 
Medjhool  and  Khadrawy  varieties 
were  not  so  severely  infested  with 
beetles  as  the  later-maturing  Deglet 
Noor  and  Saidy  varieties.  Medjhool 
dates  were  principally  infested  with 
pyralids,  whereas  in  the  Deglet 
Noor  variety,  there  were  20  beetle- 
infested  fruits  to  1 containing  moth 
larvae. 

Applications  of  insecticidal  dusts 
to  date  fruit  bunches  did  not  give 
satisfactory  control  of  either  niti- 
dulid beetles  or  pyralid  moths.  The 
beetles,  being  scavengers  and  at- 
tracted to  spoiled  fruit,  were  less 
destructive,  however,  because  of  the 
indirect  action  of  fungicidal  dusts. 
These  fungicides,  by  reducing  fun- 
gus spoilage,  made  the  dates  less 
attractive  to  the  beetles,  and  where 
fungus  spoilage  was  decreased  sig- 
nificantly by  the  use  of  fungicides, 
the  number  of  beetle-infested  fruits 
was  also  reduced.  A positive  correla- 
tion was  found  between  the  degree 
of  fungus  spoilage  and  that  of  insect 
infestation. 

In  the  Deglet  Noor  plot  near 
Indio  fungus  spoilage  was  controlled 
most  effectively  by  inserting  wire 
rings  between  the  fruitstrands  and 
dusting  the  dates  with  Thiomate 
“19”.  In  the  other  experimental 
plots  Thiomate  “19”  was  preferred 
to  either  Zerlate  in  sulphur  or  Yel- 
low Cuprocide  in  sulphur.  In  gen- 
eral, more  fungus  and  insect  spoil- 
age occurred  on  the  north  or  north- 
west side  of  a palm  than  on  the 


south  side. 

Tubes  of  porous  cloth  (netting) 
tied  above  and  below  the  fruit  bunch 
were  quite  effective  in  excluding  in- 
sects from  the  dates  and  in  prevent- 
ing detached  dates  from  falling  to 
the  ground. 

Garden  sanitation  and  the  import- 
ance of  preventing  the  nitidulid 
beetles  from  breeding  in  fallen  dates 
are  stressed.  Benzene  hexachloride 
in  kerosene  sprayed  on  fallen  dates 
not  only  killed  the  beetles  but  also 
prevented  reinfestation  of  the  dates 
during  a 4-week  period.  The  removal 
of  all  known  food  sources,  such  as 
garbage  and  decaying  fruits  and 
vegetables,  during  the  winter, 
spring,  and  early  summer,  when 
very  few  dates  remain  in  the 
orchard,  is  considered  to  be  one  of 
the  principal  means  of  reducing  the 
potential  population  of  nitidulid 
beetles  in  dates. 
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A Winter  Among  the  Date  Palms  of  Tunisia 

by  Thomas  H.  Kearney 


In  the  fall  and  winter  of 
1904-05,  the  writer  was  sent 
by  the  U.  S.  Department  of 
Agriculture  to  the  Jerids  oases 
in  Tunisia  to  study  date  cul- 
ture there  and  select  promis- 
ing varieties  for  introduction 
into  the  United  States.  The 
trip  was  made  at  the  sugges- 
tion of  Dr.  Walter  T.  Swingle, 
who  had  made  similar  studies 
in  the  Oued  Rirh  oases  of 
Algeria. 

The  journey  from  Tunis,  the 
capital  of  the  French  Protec- 
torate, was  made  by  railway 
and  bus  to  Sfax,  the  seaport 
of  southern  Tunisia,  thence  by 
rail  westward  to  Metlaoui,  the 
site  of  rich  phosphate  mines, 
and  the  last  35  miles  on  mule- 
back  to  Tozeur,  the  capital  of 
the  Jerid. 

The  oases,  four  in  number, 
are  strung  out  along  the  base 
of  the  low  escarpment  which 
here  forms  the  northern  limit 
of  the  Sahara  Desert.  Numer- 
ous large  springs,  gushing  out 
from  the  base  of  this  rampart, 
furnish  the  water  supply  of  the 
oases.  To  the  south  lies  the  Chott  el 
Jerid,  an  extensive  shallow  salt  lake 
or  playa,  similar  to  the  Salton  Sea 
of  California  before  it  was  inundat- 
ed by  the  Colorado  River.  It  is  one 
of  a chain  of  such  lakes  that  extend 
from  the  Oued  Rirh  in  Algeria  to 
the  eastern  coast  of  Tunisia. 

The  Jerid  and  the  Oued  Rirh  are 
only  about  150  miles  apart  and  are 
very  similar  in  climate  and  soil.  But 
instead  of  the  large  orchards  of 
Deglet  Noor  dates,  planted  in 
straight  rows  and  regularly  spaced, 
established  by  French  enterprise  in 
the  Oued  Rirh,  the  Jerid  oases,  at 
the  time  of  my  visit,  were  more  like 
gardens,  containing  many  varieties 
of  palms  all  mixed  together,  in  no 
regular  order  and  interspersed  with 
other  fruit  trees  and  small  patches 
of  alfalfa  and  garden  vegetables. 

The  date  harvest  was  in  full 
swing  when  I arrived,  late  in  Oc- 


tober. The  next  six  weeks  were  busy 
ones — making  daily  visits  to  the 
gardens,  tasting  and  noting  the 
characters  of  the  fruits,  collecting 
samples,  and  photographing  the 
fresh  dates. 

It  was  estimated  that  the  less  than 
20,000  acres  of  the  oases  then  con- 
tained from  V2  million  to  1 million 
palms,  of  which  only  about  35.000 
were  Deglet  Noors,  the  rest  being 
of  not  less  than  100  named  varieties. 
These  showed  enormous  diversity  in 
shape,  size,  color,  texture  and  flavor, 
from  the  hard  dry  dates  that  form 
the  staple  food  of  the  oasis-dwellers 
and  the  nomadic  Arabs  of  the  des- 
ert. to  very  soft  syrupy  fruits  that 
must  be  eaten  almost  as  soon  as 
they  are  harvested,  and  are  served 
onlv  as  dessert. 

Samples  of  fruit  of  93  varieties 
and  natural  size  photographs  of  85 
varieties  were  obtained.  These,  with 


field  notes  on  the  palms  and 
fruits,  afforded  a basis  for  se- 
lecting varieties  that  seemed 
best  worth  introducing  into 
the  United  States.  It  was  final- 
ly decided,  however,  to  try  to 
get  offshoots  of  as  many  varie- 
ties as  possible,  on  the  chance 
that  some  which  seemed  sec- 
ond-rate in  their  home  might 
prove  better  adapted  to  Cali- 
fornia conditions. 

After  being  absent  several 
weeks  in  other  parts  of  Tu- 
nisia and  in  Sicily,  studying 
olive  and  pistachio  culture,  I 
returned  to  the  Jerid  in  Feb- 
ruary. Then  began  a feverish 
ransacking  of  the  oases  in 
search  of  offshoots.  Much 
chaffering  was  necessary,  since 
owners  of  palms  of  the  bet- 
ter varieties  were  reluctant  to 
sell,  having  heard  of  the  like- 
lihood of  California  competi- 
tion in  their  only  industry.  A 
special  effort  was  made  to  get 
offshoots  of  the  Menakher  va- 
rietv.  a very  large  date  of  fine 
flavor,  said  to  have  been  re- 
served formerly  for  the  table  of  the 
Bey  of  Tunis,  but  only  9 offshoots 
could  be  obtained.  These  were  sur- 
rendered only  under  pressure  from 
the  Caid  of  Tozeur,  who  was  very 
cooperative  throughout. 

About  700  offshoots,  representing 
56  varieties,  were  finally  assembled. 
These  were  wrapped  in  liff  (palm 
fiber)  after  plastering  the  butt  ends 
with  puddled  clay,  and  were  then 
ready  for  the  first  stage  of  their 
journey.  A caravan  of  90  camels 
conveyed  them  from  Tozeur  to  the 
railhead.  At  Sfax  they  were  trans- 
ferred to  a small  coastal  ship,  which 
carried  them  to  Algiers.  There  they 
were  repacked  in  heavy  wooden 
cases  for  the  long  voyage  to  New 
York  and  across  the  continent.  A 
few  weeks  later  I had  the  pleasure 
of  seeing  them  unpacked  in  the  old 
government  date  orchard,  at  Mecca, 
California. 
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Progress  Report  on  The  Development  of 
Omphalia  Root  Rot  In  Artificially  Inoculated  Date  Palms' 

Donald  E.  Bliss  and  Wesley  D.  Wilbur1 2 
University  of  California  Citrus  Experiment  Station,  Riverside 


The  death  and  rotting  of  date 
roots  resulting  from  the  attack  of 
Omphalia  spp.3  have  been  demon- 
strated many  times  (2).  These  pri- 
mary symptoms  of  omphalia  root  rot 
have  been  induced  experimentally 
both  in  seedling  date  palms  three 
months  to  three  years  of  age  and  in 
orchard  palms  of  named  varieties 
one  to  thirteen  years  of  age.  In 
young  seedlings  the  secondary  symp- 
toms of  omphalia  root  rot  (rapid 
wilting  and  death  of  leaves  and 
stunting  or  death  of  the  top)  are 
easily  demonstrated  within  a few 
weeks  from  the  time  of  inoculation, 
but  in  well-established  orchard 
palms  the  appearance  of  secondary 
symptoms  (premature  wilting  and 
death  of  the  older  leaves,  an  un- 
natural yellow-green  cast  of  the 
leaves,  retardation  in  terminal 
growth,  weak  fruitstalks,  and  small, 
worthless  fruit)  requires  a much 
longer  period. 

Such  was  our  experience  at  the 
Mecca  plot,  a 4-acre  experimental 
date  orchard  situated  2 miles  west 
of  Mecca,  California.  This  plot  was 
established  in  1934  on  a part  of  a 
farm  which  some  years  previously 
had  been  condemned  and  quaran- 
tined because  of  an  infestation  of 
camel’s  thorn  (Alhagi  camelorum 
Fisch. ).  After  the  land  had  been 
cleared  and  fenced,  it  was  planted 
with  supposedly  healthy  offshoots  of 
18  varieties  of  date  palm  (Phoenix 
dactylifera  L.),  and  with  seedlings 
of  native  fan  palm  ( IFashingtonia 
filifera  Wendl.).  The  date  offshoots 
were  obtained  from  eleven  orchards 


(1)  Paper  No.  586,  University  of  Cali- 
fornia Citrus  Experiment  Station,  Riverside, 
California. 
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(3)  Omphalia  pigmentata  Bliss  and  O. 
tralucida  Bliss. 


in  the  Coachella  Valley  of  Califor- 
nia, and  from  a nursery  of  Medjhool 
palms  near  the  southern  point  of 
Nevada.  The  fan-palm  seedlings 
were  transplanted  from  the  nursery 
of  the  University  of  California  Cit- 
rus Experiment  Station,  Riverside. 
The  young  palms  were  planted  in 
orchard  formation  in  two  nearly 
identical  blocks  which  were  sepa- 
rated from  each  other  by  an  un- 
planted. nonirrigated  strip  of  land 
60  feet  wide.  More  than  half  the 
area  of  each  block  was  planted  with 
nalms  of  6 important  commercial 
date  varieties  (10  palms  each)  ; the 
rest  of  the  space  was  given  to  palms 
of  12  other  varieties  (1  to  5 palms 
each)  and  to  the  native  fan  palms. 

The  entire  orchard,  now  (in  1948) 
in  its  fourteenth  year,  has  been  cul- 
tivated, fertilized,  irrigated,  and 
fruited  in  a manner  comparable  to 
that  employed  in  the  better  com- 
mercial orchards.  The  palms  have 
developed  under  reasonably  uniform 
environmental  conditions,  the  princi- 
pal exceptions  being  an  area  of  un- 
usually salty  soil  across  the  eastern 
end  of  the  north  (control)  block  and 
a gradual  decrease  from  west  to  east 
in  the  amount  of  irrigation  water 
supplied. 

The  Mecca  plot  was  established 
orincipallv  for  the  purpose  of  study- 
ing the  relative  susceptibility  of  date 
varieties  to  omphalia  root  rot.  It  is 
the  purpose  of  the  present  paper  to 
report  the  progress  of  the  disease 
and  especially  to  record  the  appear- 
ance of  secondary  symptoms  in  two 
of  the  inoculated  Deglet  Noor  palms. 
A tentative  rating  of  the  relative 
susceptibility  of  the  18  date  varieties 
is  also  proposed. 

Procedure 

The  experimental  palms  at  the 
Mecca  plot  were  well  established 
and  appeared  to  be  in  a favorable 
condition  of  growth  in  May.  1938. 
when  differential  inoculations  were 
made.  Two  shallow  pits  were  dug. 
one  on  the  east  side  and  one  on  the 
west,  near  the  trunk  of  each  palm 
so  that  the  upper  primary  roots  were 
exposed.  A few  roots  were  cut  inad- 
vertently, but  care  was  taken  to 
avoid  serious  injury.  The  palms  in 
the  upper  block  at  the  north  side 
of  the  plot  were  reserved  as  con- 
trols. Each  control  palm  received 
650  ml.  of  sterile  Pillsbury’s  bran. 
In  the  south  block,  two  palms  each 
of  the  Zahidi.  Saidy,  Thoory.  Deglet 


Noor,  Khadrawy,  and  Halawy  varie- 
ties were  inoculated  with  650  ml.  of 
bran  on  which  Omphalia  pigmentata 
had  been  grown.  Each  of  the  re- 
maining palms  in  the  south  block 
received  an  equal  amount  of  bran 
on  which  0.  tralucida  had  been 
grown.  The  inoculum  was  chopped 
and  applied  both  to  the  bottom  of 
the  pits  and  to  the  underground  sur- 
faces of  the  trunk.  To  prevent  dry- 
ing, the  pits  were  filled  immediate- 
ly with  soil  and  covered  with  straw. 

The  height  of  the  trunk,  the  com- 
parative level  of  health,  and  the 
number  and  size  of  the  fruitstalks 
and  offshoots  of  each  palm  were 
noted  in  1938,  at  the  beginning  of 
the  incubation  stage,  and  annually 
thereafter.  Root  samples  from  repre- 
sentative palms  in  both  blocks  were 
also  cultured  at  various  times  to 
study  the  progress  of  the  disease, 
and  the  fungus  isolates  that  resem- 
bled Omphalia  spp.  were  tested  for 
pathogenicity  on  potted  seedlings  of 
Deglet  Noor  dates  in  the  green- 
house. 

An  intensive  survey  of  the  condi- 
tion of  the  roots  of  every  palm  in 
the  Mecca  plot  was  started  in  De- 
cember, 1947.  Root  samples  were  ob- 
tained from  holes  that  were  dug  on 
the  north  side  of  the  palms  12  inches 
from  the  trunk  and  uniformly  15 
inches  square  (fig.  1).  A few  sam- 


Fig.  1 —Sample  of  primary  date 
roots  taken  from  15-inch- 
square  sampling  hole  on 
north  side  of  palm  trunk. 
The  lath  frame  had  been 
used  before  digging  to 
mark  the  position,  size, 
and  shape  of  the  area  to 
be  excavated. 
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pling  holes  were  located  on  either 
the  northeast  or  the  northwest  side, 
because  other  sampling  holes  had 
recently  been  made  on  the  north 
side.  The  roots  were  cut  along  the 
vertical  sides  of  the  hole  by  means 
of  an  offshoot  chisel.  Care  was  tak- 
en to  cut  and  remove  the  root  seg- 
ments with  as  little  mechanical  in- 
jury as  possible.  Forty  or  more  seg- 
ments of  primary  roots  were  taken 
as  a sample  from  each  palm.  The 
field  records  included  the  depth  of 
each  sampling  hole  and  also  the 
number  of  root  segments  in  each 
sample  showing  either  partial  or 
general  necrosis.  These  necrotic  seg- 
ments were  taken  to  the  laboratory, 
where,  after  surface  disinfection 
with  a solution  of  mercuric  cyanide, 
tissue  cultures  were  planted  on  corn- 
meal-agar  slants.  The  fungi  which 
grew  from  these  pieces  of  roots 
were  examined  both  macroscopically 
and  microscopically.  All  isolates  re- 
sembling Omphalia  pigmentata  or 
0.  tralucida  were  further  identified 
by  cultural  tests  on  glucose  potato 
agar  and  were  tested  for  pathogen- 
icity on  potted  date  seedlings  (2). 

Experimental  Results 

Examination  of  the  roots  of  rep- 
resentative palms  at  the  Mecca  plot 
revealed  that  within  four  months 
after  inoculation  primary  symptoms 
of  omphalia  root  rot  had  developed 
in  all  the  18  varieties  of  date  palms, 
and  also  in  the  fan  palms.  No  evi- 
dence of  omphalia  was  discovered  at 
that  time  in  any  of  the  control  palms 
that  were  sampled.  In  the  inocu- 
lated palms,  however,  large,  typical 
lesions  were  found  commonly,  and 
numerous  large  root  segments  were 
generally  necrotic.  This  indicated 
that  all  the  principal  commercial 
date  varieties  in  California  were 
somewhat  susceptible  to  the  disease 
under  those  conditions.  No  visible 
distress  (decline)  was  evident  in  the 
tops  at  that  time,  however,  and  none 
was  detected  until  1944. 

It  was  recognized  at  the  time  of 
inoculation  that  most  of  the  palms 
in  the  south  (inoculated)  block 
were  larger  and  more  vigorous  than 
those  in  the  north  (control)  block. 
In  1938  the  palms  in  the  inoculated 
block,  in  comparison  with  those  in 
the  control  block,  were  visibly  su- 
perior in  13  varieties,  equal  in  the 
Medjhool  variety,  and  inferior  only 
in  the  Sayer,  Tazizoot,  and  Iteema 
varieties.  These  differences  were  as- 
sociated with  the  very  saline  soil  at 
the  east  end  of  the  control  block, 
where  growth  was  poor,  and  with 
the  less  saline  soil  in  the  other  parts 
of  the  orchard,  where  growth  was 
more  rapid.  In  1947  the  situation 
was  generally  the  same  except  that 
only  in  the  Zahidi,  Barhee,  Khalasa, 
Hellali,  and  Maktoom  varieties  was 
the  relative  vigor  (growth  rate)  of 


the  palms  in  the  inoculated  block 
still  distinctly  superior  to  that  in  the 
control  block. 

The  mean  growth  rate  of  the  Deg- 
let  Noor  palms  in  inoculated  and 
control  blocks  is  of  special  interest 
(fig.  2).  From  May,  1938,  until 


1940,  the  mean  elongation  of  trunks 
was  about  equal  in  both  blocks.  The 
mean  growth  rate  of  the  inoculated 
palms  then  remained  nearly  con- 
stant, while  that  of  the  control 
palms  lagged  for  a period  of 
five  years  and  then  became  consid- 
erably more  rapid.  In  April,  1948, 
the  mean  total  elongation  of  trunks 
in  the  two  groups  was  about  equal, 
and  if  present  trends  continue  the 
control  palms  will  soon  surpass  the 
others. 

The  first  indication  of  secondary 
symptoms  of  omphalia  root  rot  was 
observed  June  1,  1944,  when,  ac- 
cording to  the  notes,  inoculated  Deg- 
let  Noor  palms  Nos.  2 and  3 in  row 
12  showed  yellowish,  open  tops,  “the 
first  evidence  of  decline.”  Since 
1945,  these  palms  have  been  rated 
as  showing  the  secondary  symptoms 
of  omphalia  root  rot,  palm  No.  3 be- 
ing the  weaker  of  the  two.  These 
observations  were  based  on  charac- 
ters which  are  generally  associated 
with  vegetative  vigor,  such  as  num- 
ber and  size  of  green  leaves,  color 
of  leaf  bases,  number  and  size  of 
spathes,  rapidity  of  fruitstalk  elon- 
gation, and  amount  of  annual  trunk 
elongation. 

On  April  12,  1948,  there  were  ob- 


vious differences  between  the  con- 
trol and  the  inoculated  Deglet  Noor 
palms.  Whereas  the  10  control 
palms  had  relatively  green,  strong 
leaves,  one  half  of  the  inoculated 
palms  (Nos.  2,  3,  4,  5,  and  7,  row 
12)  had  yellowish,  weak  leaves. 


There  were  123  spathes  in  evidence 
on  the  control  palms  and  only  92  on 
the  inocluated  (table  1).  A close 
estimate  of  fruitstalk  length  from 
the  fiber  line  of  the  subtending  leaf 
base  to  the  first  or  proximal  fruit- 
strand  indicated  an  average  of  48 
cm.  for  the  fruitstalks  on  the  con- 
trol palms  and  only  33  cm.  for  the 
fruitstalks  on  the  inoculated  palms. 

The  intensive  root  survey  which 
was  started  in  December,  1947,  re- 
vealed that  8 palms  in  the  control 
block  and  29  palms  in  the  inoculated 
block  were  infected  with  Omphalia 
spp.  (figs.  3 and  4).  Isolates  of  0. 
pigmentata  were  cultured  from  6 of 
the  12  palms  which  had  been  inocu- 
lated with  this  fungus,  but  no  evi- 
dence of  0.  tralucida  was  detected. 
All  other  isolates  of  Omphalia,  from 
either  the  control  or  the  inoculated 
blocks,  were  identified  as  O.  tralu- 
cida. 

All  the  date-root  segments  show- 
ing partial  or  general  necrosis  from 
any  cause  were  counted  and  tested 
for  the  presence  of  Omphalia.  One 
or  more  dead  roots  were  found  on 
40  per  cent  of  the  control  palms  and 
on  57  per  cent  of  those  inoculated. 
Omphalia  was  cultured  from  14  (18 
per  cent)  of  the  77  necrotic  roots 


Fig.  2.— Mean  elongation  of  trunks  of  Deglet  Noor  date  palms  in  the 
inoculated  and  control  blocks  of  the  Mecca  plot,  1938-1948. 
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taken  from  the  control  block  and 
from  90  (43  per  cent)  of  the  207 
necrotic  roots  taken  from  the  inocu- 
lated block.  Among  the  other  micro- 
organisms in  the  cultures  were  spe- 
cies of  Fusarium,  Trichoderma,  Rhi- 
zoctonia,  Penicillium,  Aspergillus, 
Helminthosporium,  and  Mucor,  as 
well  as  various  bacteria,  Protozoa, 
and  nematodes.  Fusarium,  the  most 


common  of  this  group,  was  cultured 
from  53  per  cent  of  the  necrotic 
roots  from  the  control  block,  and 
from  29  per  cent  of  those  from  the 
inoculated  block. 

Of  the  six  major  varieties,  Deglet 
Noor,  Zahidi,  and  Thoory  were  the 
ones  affected  most  severely  with 
rotting  roots,  statistically  significant 
differences  being  found  in  each  case 


between  the  inoculated  and  control 
palms  (table  2).  Of  the  minor  va- 
rieties, Medjhool,  Hayany,  and  Hel- 
lali  were  the  ones  principally  affect- 
ed. These  varieties  also  yielded  the 
largest  numbers  of  omphalia  iso- 
lates, except  for  Medjhool,  which 
yielded  none. 

In  percentages  of  necrotic  roots, 
the  important  Khadrawy  and  Ha- 
lawy  varieties  showed  no  important 
differences  between  inoculated  and 
control  blocks.  Omphalia  was  found, 
but  little  damage  had  resulted.  No 
evidence  of  Omphalia  was  found  in 
any  of  the  root  samples  from  Iteema, 
Khalasa,  or  Tazizoot  palms,  and  the 
percentages  of  necrotic  roots  were 
negligible. 

Since  the  holes  made  for  sampling 
the  roots  were  uniform  in  cross  sec- 
tion and  in  distance  from  the  trunk, 
data  representing  the  depth  of  the 
holes  and  the  total  number  of  root 
segments  taken  from  each  were  used 
to  calculate  the  density  of  roots  in 
the  first  40  to  70  cm.  of  soil.  The 
differences  between  groups  of  palms 
in  the  control  and  inoculated  blocks 
did  not  all  run  in  one  direction,  but 
in  the  Deglet  Noor  variety  a signifi- 
cant difference  was  found:  whereas 
the  control  palms  had  1.27  primary 
roots  per  centimeter,  the  inoculated 
palms  had  only  0.82  (table  2). 

The  experimental  data  presented 


Table  1.— Number  of  Spathes  and  Mean  Length*  of  Fruitstalks  on 
Deglet  Noor  Date  Palms,  Mecca  Plot,  April  12,  1948. 


Palm 

No. 

Control  Palms  (Row  4) 

Inoculated  Palms  (Row  12) 

Number 
of  Spathes 

Mean  Length 
of  Fruitstalks 

(cm.) 

Number 
of  Spathes 

Mean  Length 
of  Fruitstalks 

(cm.) 

l 

14 

54 

12 

66 

2 

16 

49 

6 

22 

3 

14 

45 

6 

23 

4 

1 1 

53 

8 

40 

5 

14 

47 

6 

1 1 

6 

14 

40 

13 

31 

7 

1 1 

56 

8 

15 

8 

9 

32 

1 1 

33 

9 

8 

46 

13 

51 

10 

12 

57 

9 

63 

Total 

Weighted 

123 

mean 

48 

92| 

33 

* Distance  measured  along  fruitstalk  from  fiber  line  of  subtending  leaf  base  to  first 
or  proximal  fruitstrand. 

t Difference  significant  at  the  5 per  cent  level,  as  shown  by  the  "t"  test  (7). 
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Fig.  3.— Plan  of  control  block  in  date  orchard  at  the  Mecca  plot,  showing  results  of  the  survey  for  om- 
phalia root  rot,  which  was  started  in  December,  1947. 
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Table  2.— Results  of  Omphalia  Root  Rot  Survey  in  the  Mecca  Plot,  1947-48. 


CONTROL 

BLOCK 

INOCULATED 

BLOCK 

Variety  of 

Palms 

Primary 

Roots 

Palms 

Primary 

Roots 

Phoenix 

dactylifera 

Number 

Necrotic 

Number 

Necrotic 

Total 

Infected 

Total 

Mean 

Total 

Infected 

Total 

Mean 

Num- 

with 

Num- 

Den- 

Num- 

Per 

Num- 

with 

Num- 

Den- 

Num- 

Per 

ber 

Omphalia 

ber 

sity* 

ber 

cent 

ber 

Omphalia 

ber 

sity* 

ber 

cent 

MAJOR 

VARIETIES 

Deglet  Noor 

10 

0 

649 

1.27 

4 

0.62 

10 

6 

529 

0.82f 

42 

7.94t 

Halawy 

8 

i 

370 

0.63 

13 

3.51 

10 

0 

478 

0.63 

11 

2.35 

Khadrawy 

10 

2 

590 

1.13 

11 

1.86 

10 

1 

662 

1.06 

14 

2.12 

Saidy 

10 

0 

671 

1.33 

5 

0.75 

10 

4 

625 

1.05 

20 

3.20 

Thoory 

9 

1 

564 

1.28 

12 

2.13 

8 

3 

530 

1.52 

23 

4.34t 

Zahidi 

10 

0 

621 

1.37 

7 

1.13 

10 

5 

589 

1.23 

32 

5.43t 

MINOR 

VARIETIES 

Barhee 

1 

0 

45 

1 

2.22 

1 

1 

65 

4 

6.15 

Dayri 

5 

1 

244 

0.78 

12 

4.92 

5 

1 

297 

0.86 

10 

3.37 

Hayany 

3 

0 

144 

0 

0.00 

3 

2 

180 

17 

9.44 

Hellali 

2 

0 

99 



0 

0.00 

2 

1 

99 

10 

10.10 

Iteema 

3 

0 

190 

0 

0.00 

3 

0 

157 

2 

1.27 

Khalasa 

1 

0 

32 

0 

o.co 

1 

0 

54 



0 

0.00 

Kustawy 

5 

2 

208 

0.50 

3 

1.44 

5 

0 

280 

0.82 

0 

0.00 

Maktoom 

3 

0 

197 



0 

0.00 

3 

1 

226 



1 

0.38 

Medjhool 

1 

0 

49 

0 

0.00 

1 

0 

39 

6 

15.38 

Rhars 

3 

0 

177 

0 

0.00 

4 

1 

217 

8 

3.69 

Sayer 

5 

1 

347 

3 

0.86 

2 

2 

186 

6 

3.23 

Tazizoot 

5 

0 

260 

0.83 

6 

2.31 

5 

0 

239 

0.59 

1 

0.42 

Fan  Palmt 

2 

0 

135 



1 

0.74 

2 

0 

128 

18 

14.01 

* Number  of  primary  roots  per  centimeter  of  depth  in  15-inch-square  sampling  hole, 
t Difference  significant  at  the  5 per  cent  level. 

X Washingtonia  filifera  Wendl. 
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Fig.  4.— Plan  of  omphalia-inoculated  block  in  date  orchard  at  the  Mecca  plot,  showing  results  of  the 
survey  for  omphalia  root  rot,  which  was  started  in  December,  1947. 
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here  and  in  earlier  papers  (1,  2,  3) 
give  some  tentative  indications  of 
the  relative  susceptibility  of  our  date 
varieties  to  omphalia  root  rot.  All 
the  18  varieties  represented  at  the 
Mecca  plot  are  known  to  be  some- 
what susceptible,  but  some  appear 
to  be  injured  much  more  than 
others.  Deglet  Noor  is  considered  to 
be  the  most  susceptible;  Iteema  and 
Tazizoot  are  among  the  least  sus- 
ceptible. Since  true  disease  resist- 
ance has  not  been  demonstrated,  the 
varieties  have  been  divided  into 


three  groups  to  indicate  different 
degrees  of  susceptibility  (table  3). 
The  terms  “tolerant”  and  “very  tol- 
erant,” as  used  in  this  table,  refer  to 
the  quality  of  enduring  the  disease 
process  without  experiencing  serious 
injury. 

Discussion 

The  root-sampling  technique  em- 
ployed in  this  study  gave  much  com- 
parable data,  but  it  revealed  only  a 
small  part  of  the  roots.  The  volume 
of  the  sampling  hole  was  probably 
less  than  one  thousandth  of  that  oc- 
cupied by  the  root  system  of  the 
palm,  although  the  concentration  of 
roots  in  this  space  was  relatively 
high.  The  lesions  of  omphalia  root 
rot  tend  to  be  concentrated  near  the 
trunk  (2)  and  are  found  most  com- 
monly on  the  north  side  (5).  The 
root  samples,  therefore,  while  com- 
ing from  the  best  location,  were 
comparatively  small  and  perhaps 
were  not  always  typical  of  the  aver- 
age condition  of  the  entire  root  sys- 
tem. Since  the  inoculations  were 
made  on  the  east  and  west  sides  of 
the  trunk  and  the  samples  were  tak- 
en from  the  north,  there  appears  to 
be  evidence  that  the  pathogens  had 
snread  through  undisturbed  portions 
of  the  root  system. 

The  finding  of  Omphalia  traluci- 
da  in  eight  of  the  control  palms  of 
the  Thoory.  Khadrawy.  Halawy, 
Sayer,  Dayri,  and  Kustawy  varieties 
seemed  unfortunate  for  the  experi- 
ment but  was  not  unexpected  be- 
cause of  the  diverse  sources  from 
which  the  planting  stock  had  been 
obtained.  Five  of  these  infected 


palms  originated  in  date  orchards 
where  omphalia  root  rot  had  been 
known  for  many  years.  Since  Om- 
phalia spp.  are  widely  distributed  in 
date  orchards  throughout  the  Coa- 
chella Valley  (6)  and  the  trans- 
mission of  the  disease  on  offshoots 
is  wrell  established  ( 1 ) , it  is  not 
surprising  that  these  pathogens 
were  inadvertently  carried  to  the 
Mecca  plot.  It  is  improbable  that 
these  fungi  were  already  present  in 
the  soil  prior  to  the  planting  of  this 
orchard,  because  the  palms  of  the 


susceptible  Deglet  Noor  variety  have 
remained  healthy  in  the  control 
block.  The  situation  in  the  control 
block  merely  indicates  what  could 
have  been  expected  in  the  south 
block  if  the  palms  in  that  part  of 
the  orchard  had  not  been  inocu- 
lated. 

It  is  not  supposed  that  all  the 
necrotic  roots  on  a palm  were  neces- 
sarily killed  by  omphalia  root  rot, 
since  such  roots  are  also  found  to 
some  extent  on  noninfected  palms. 
The  direct  comparison  of  the  inocu- 
lated with  the  control  palms  at  the 
Mecca  plot  indicates  the  differences 
which  may  be  attributed  to  the  arti- 
ficial inoculation.  In  the  Deglet 
Noor  variety,  for  instance,  the  in- 
oculated palms  had  on  the  average 
significantly  more  dead  roots  but 
significantly  fewer  total  roots  and 
spathes  than  the  control  palms.  The 
inoculated  palms  were  generally 
more  vigorous  than  the  others  in 
1938.  but  five  of  them  are  now  vis- 
ibly weaker.  This  change  occurred 
in  spite  of  the  salty  soil  in  which 
part  of  the  control  palms  were 
grown.  These  Deglet  Noor  palms 
are  of  the  same  age;  they  were  ob- 
tained from  the  same  source  and 
have  been  treated  alike  except  for 
inoculation  with  omphalia.  Although 
six  of  the  inoculated  palms  are 
known  to  be  diseased,  none  of  the 
controls  have  shown  evidence  of  in- 
fection. a fact  also  substantiated  by 
KenKnight  and  Amling  (6).  Unless 
excess  soil  salinity  is  more  favor- 
able to  date  palms  than  we  believe 
(4).  the  differences  in  these  two 
groups  of  palms  must  be  attributed 


to  omphalia  root  rot  resulting  from 
artificial  inoculation. 

Summary 

Progress  is  reported  on  an  inocu- 
lation experiment  with  omphalia 
root  rot  in  a 4-acre,  18-variety  date 
orchard  near  Mecca,  California. 

Whereas  the  primary  symptoms 
of  the  disease  were  observed  in  all 
18  varieties  within  four  months  after 
inoculation  (1938).  the  secondary 
symptoms  first  appeared  in  two 
Deglet  Noor  palms  after  six  years 
(1944).  Although  less  vigorous  at 
first  because  of  saline  soil  in  part 
of  the  orchard,  the  Deglet  Noor 
palms  in  the  control  block  have 
grown  nearly  as  much  as  those  in 
the  inoculated  block  and  are  now 
generally  more  vigorous. 

Root  samples  taken  during  1947 
and  1948  from  all  palms  in  the  or- 
chard revealed  that  Omphalia  pig- 
mentata  and  0.  tralucida  were  asso- 
ciated with  root  necrosis  in  most  of 
the  varieties,  but  that  the  Deglet 
Noor,  Hayany.  Hellali,  Sayer,  Thoo- 
ry, and  Zahidi  varieties  had  sus- 
tained the  greatest  injury.  These 
varieties  are  tentatively  rated  as  sus- 
ceptible to  omphalia  root  rot.  The 
Barhee,  Dayri,  Kustawy,  Maktoom, 
Rhars.  and  Saidy  varieties  are  ten- 
tatively rated  as  tolerant,  and  the 
Halawy,  Iteema,  Khadrawy.  Khala- 
sa,  Medjhool,  and  Tazizoot  varieties, 
as  very  tolerant. 

Measurable  differences  between 
the  inoculated  and  the  control  palms 
of  the  Deglet  Noor  variety  indicate 
the  development  of  both  primarv 
and  secondary  symptoms  of  ompha- 
lia root  rot  as  the  result  of  artificial 
inoculation. 
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Table  3.— Relative  Susceptibility  of  18  Varieties  of  Date  Palm  to 
Omphalia  Root  Rot  (Tentative  Rating). 


SUSCEPTIBLE 

TOLERANT 

VERY  TOLERANT 

Deglet  Noor 

Barhee 

Halawy 

Hayany 

Dayri 

Iteema 

Hellali 

Kustawy 

Khadrawy 

Sayer 

Maktoom 

Khalasa 

Thoory 

Rhars 

Medjhool 

Zahidi 

Saidy 

Tazizoot 
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How  Variations  in  Soil  Moisture  Affected  Growth 
of  Deglet  Noor  Date  Palm  Offshoots 


Considerable  variation  in  the  per- 
centage of  survival  and  in  the 
amount  of  leaf  growth  made  by  dif- 
ferent lots  of  date  palm  offshoots  in 
the  first  season  after  planting  has 
often  been  observed,  even  in  care- 
fully grown  plantings  where  soil 
moisture  conditions  were  relatively 
uniform. 

Aldrich,  Leach,  and  Dollins  (1), 
in  reporting  the  results  of  an  off- 
shoot planting  experiment,  state: 
“These  Deglet  Noor  offshoots 
showed  an  unexpectedly  high  mor- 
tality that  could  not  be  correlated 
with  size  or  vigor  of  the  parent 
palms  or  with  any  environmental  or 
culture  factor  other  than  small  size 
of  the  offshoots.” 

It  has,  however,  been  observed 
both  in  the  Old  World  and  in  this 
country  that  the  percentage  of  sur- 
vival of  “hard,”  slow-growing  off- 
shoots cut  from  palms  that  had  a 
scant  water  supply  is  often  higher 
than  that  of  rapidly  growing  “soft” 
offshoots  cut  from  well-irrigated 
palms.  This  point  is  emphasized  by 
Mason  (2)  in  his  discussion  of  date 
propagation  in  Egypt  and  the  Su- 
dan. 

Such  observations  suggested  that 
perhaps  drought-hardening  of  the 
offshoots  from  palms  with  a poor 
water  supply  might  be  responsible 
for  the  superior  survival  value  of 
such  offshoots,  and  that  the  drought- 
hardened  condition  in  the  offshoots 
might  be  induced  by  subjecting  the 
parent  palms  to  a period  of  severe 
water  deficit  prior  to  cutting  the 
offshoots. 

Another  factor  generally  believed 
to  affect  greatly  both  survival  and 
growth  of  newly  planted  offshoots  is 
the  frequency  of  irrigation, 

Aldrich  et  al.  (1)  found  that,  in 
an  offshoot  planting  in  pervious 
sand,  greater  leaf  growth  resulted 
from  a 2-  to  4-day  irrigation  inter- 
val than  from  a 7-  to  10-day  inter- 
val; but  in  a planting  on  an  im- 
pervious soil  where  water  stood  on 
the  soil  surface  for  3 to  4 days  after 
each  irrigation,  both  leaf  growth 
and  percentage  of  survival  of  off- 
shoots were  higher  in  plots  irrigat- 
ed every  14  days  than  in  plots  irri- 
gated at  3-  to  4-day  intervals  or  at 
7-day  intervals. 


(1)  Division  of  Fruit  and  Vegetable  Crops 
and  Diseases,  Bureau  of  Plant  Industry,  Soils, 
and  Agricultural  Engineering,  Agricultural  Re- 
search Administration,  U.  S.  Department  of 
Agriculture. 


By  R.  H.  Hilgeman  and  J.  R.  Furr 
U.  S.  Department  of  Agriculture' 


The  present  investigation  had  two 
objectives.  One  was  to  determine 
what  effect  an  extended  period  of 
drought  prior  to  removal  of  the  off- 
shoots from  the  parent  palms  would 
have  on  survival  and  growth  of  the 
offshoots  during  the  first  season  aft- 
er planting;  the  other  was  to  de- 
termine what  effect  variations  in 
soil  moisture  conditions  after  plant- 
ing would  have  on  survival  and 
growth  of  the  offshoots. 

Methods  and  Materials 

Offshoots  growing  on  a group  of 
48  Deglet  Noor  palms  planted  in 
1942  at  the  U.  S.  Date  Garden,  In- 
dio, California,  were  used  for  the 
experiment.  Prior  to  the  initiation 
of  this  experiment  the  parent  palms 
had  been  grown  with  frequent  irri- 
gation and  no  fertilization.  In  Octo- 
ber 1946  this  block  was  subdivided 
into  four  areas,  each  area  containing 
twelve  palms.  Irrigation  water  was 
withheld  from  two  of  these  areas 
from  October  30.  1946  until  May  5, 
1947.  On  the  latter  date  they  were 
irrigated  sparingly.  The  remaining 
two  areas  were  irrigated  on  Decem- 
ber 12,  January  3,  February  7, 
March  14,  April  11.  and  May  5. 
The  rate  of  leaf  elongation  was 
measured  on  the  two  central  palms 
in  each  group  of  twelve.  The  mois- 
ture content  of  the  upper  eight  feet 
of  soil  was  determined  from  oven- 
dried  soil  samples  taken  before  and 
after  irrigating. 

Fortv  offshoots  were  cut,  on  May 
22-23,  from  the  parent  palms  in  each 
of  the  two  irrigation  treatments.  The 
lower  leaves  of  the  offshoots  were 
removed,  the  tops  cut  back  to  about 
36  inches  above  the  fiber,  and  the 
extent  of  rooting  and  the  weight  of 
the  offshoots  recorded.  Each  group 
of  40  offshoots  was  classified  by  size 
into  four  subdivisions.  One  offshoot 
was  then  selected  at  random  from 


each  size  group  to  make  up  plant- 
ing groups  or  replications  of  four 
offshoots  each.  The  offshoots  were 
planted  ten  feet  apart  in  basins  five 
feet  in  diameter,  and  were  arranged 
in  a randomized  design  to  provide 
for  two  irrigation  treatments  after 
planting.  Two  weeks  after  plant- 
ing the  tops  were  wrapped  with  bur- 
lap. 

All  offshoots  were  given  two  heavy 
irrigations  during  and  after  plant- 
ing on  May  23.  A second  irriga- 
tion was  applied  to  all  offshoots  on 
May  26.  Thereafter,  one  half  of  the 
offshoots  were  irrigated  Monday, 
Wednesday,  and  Friday  of  each 
week  and  the  remaining  half  once 
each  week  until  October.  During 
October  and  November  the  interval 
was  lengthened  and  in  December 
the  experiment  was  terminated.  Soil 
moisture  tension  in  the  upper  two 
feet  of  soil  was  measured  with  eight 
tensiometers.  The  relation  between 
the  soil  moisture  tension  values  and 
the  soil  moisture  content  expressed 
as  percentage  of  the  dry  weight  was 
determined.  The  soil  temperatures 
at  18  inches  below  the  surface  at  4 
locations  were  recorded  at  frequent 
intervals.  The  amount  of  leaf  ex- 
tension on  the  offshoots  was  meas- 
ured at  about  monthly  intervals  un- 
til December.  The  data  obtained 
were  examined  for  statistical  signifi- 
cance by  analysis  of  variance. 

The  soil  in  which  the  parent 
palms  and  offshoots  were  grown  is 
classified  as  Indio  loam.  The  upper 
three  to  four  feet  of  loam  has  a 
high  water-holding  capacity,  but  the 
4-  to  8-foot  zone  is  fine  sand  of  much 
lower  field  capacity.  Roots  are  con- 
centrated in  the  upper  silty  zone. 
The  water-holding  characteristics  of 
the  upper  two  feet  of  soil  are  shown 
in  Table  1 by  the  moisture  percent- 
ages at  various  tensions  and  at  the 
wilting  point. 


fable  1 . — Water-Holding  Characteristics  of  Indio  Loam  Soil. 
SOIL  MOISTURE  AT  DIFFERENT  TENSIONS  (a) 


Depth 

75  cm. 

100  cm. 

125  cm. 

175  cm. 

200  cm.  Wilting  Point  (b) 

(feet) 

(Percent.) 

(Percent.) 

(Percent.) 

(Percent.’ 

) (Percent.) 

(Percent.) 

0-1 

30.5 

27.0 

24.0 

20.5 

19.0 

3.5 

1-2 

31.0 

28.0 

25.0 

21.5 

20.0 

4.5 

Av. 

30.8 

27.5 

24.5 

21.5 

19.5 

4.0 

(a)  Soil 

moisture  as 

percentage 

of  dry  weight 

of  soil; 

tensions  reported 

in  centimeters 

of  water. 

(b)  Wilting  points  obtained  from  field  drying  of  soil  in  adjacent  areas. 
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wet  and  dry  plots  of  parent  palms  prior  to  cutting  offshoots.  (In 
soil  moisture  curves,  broken  lines  are  assumed  trends;  unbroken 
lines  connect  observed  values.) 


Effect  of  Treatments  of 
Parent  Palms 

The  effect  of  changes  in  soil  mois.- 
ture  upon  the  rate  of  leaf  elongation 
of  the  parent  palms  is  shown  in 
Figure  1.  In  early  February  when 
the  average  percentage  of  soil  mois- 
ture in  the  upper  4 feet  of  soil  was 
about  9 percent,  a reduction  in  the 
rate  of  leaf  elongation  in  the  dry 
plots  occurred.  The  rate  of  growth 
gradually  decreased  during  the 
spring  until  an  average  of  only  0.5 
cm.  per  day  was  reached.  In  com- 
parison with  the  irrigated  plots  this 
amounted  to  only  about  20  percent 
of  the  normal  rate  of  growth.  Fol- 
lowing the  light  irrigation  of  May 
5,  a rapid  increase  in  growth  rate 
occurred. 

Growth  in  the  palms  that  were  ir- 
rigated during  the  winter  and  spring 
was  maintained  at  a relatively  high 
level,  though  apparently  not  at  the 
maximum  possible  rate.  There  were 
some  fluctuations  in  the  leaf  growth 
rate  of  these  palms  in  the  spring 
months  that  seem  to  be  related  to 
variations  in  soil  moisture.  This 
suggests  that  they  were  subjected  to 
slight  water  deficits  for  short  pe- 
riods. 

Survival  and  Growth  of 
Offshoots 

The  treatments  given  these  off- 
shoots did  not  have  a significant 
effect  upon  their  survival  during  the 
first  six  months  after  planting.  Only 
four  offshoots  died.  Each  of  these 


was  from  a different  parent  palm, 
and  death  could  not  be  related  to 
irrigation  treatment  before  or  after 
cutting,  to  weight  of  offshoot,  or  to 
amount  of  roots  at  time  of  cutting. 

The  average  amount  of  leaf  elong- 
ation made  by  the  offshoots  as  indi- 
cated by  measurements  at  about 
monthly  intervals,  and  the  least  dif- 
ferences between  means  required  for 
significance  at  odds  of  19:1  are 
shown  in  Figure  2, A.  The  soil  tem- 
peratures at  a depth  of  18",  which 


was  the  average  point  of  new  root 
development,  are  shown  in  Figure 
2,B  (the  average  soil  temperature  of 
the  moist  plot  is  represented  by  the 
dotted  line,  that  of  the  wet  plot  by 
the  unbroken  line) . The  frequency 
of  irrigation  and  the  ranges  through 
which  soil  moisture  tension  fluctu- 
ated in  the  upper  two  feet  of  soil  in 
the  wet  and  moist  plots  are  repre- 
sented bv  the  diagonal  lines  in  Fig- 
ure 2.C. 

Leaf  extension  on  the  offshoots 
from  the  irrigated  parent  palms 
(Figure  2, A)  was  greater  than  that 
on  the  offshoots  from  the  unirrigated 
parent  palms  from  the  time  growth 
began  to  Nov.  4,  when  growth  was 
slowed  down  by  cool  weather.  These 
differences  were  significant  at  odds 
of  99:1. 

The  frequency  of  irrigation  after 
nlanting  the  offshoots  did  not  have 
as  great  effect  as  the  treatments  giv- 
en the  parent  palms.  Up  to  July  3 
the  triweekly  irrigation  had  pro- 
duced significantly  greater  leaf  ex- 
tension than  the  weekly  treatment, 
at  odds  of  19:1.  During  the  next 
55-day  period,  the  offshoots  irrigated 
at  weekly  intervals  began  to  grow 
more  rapidly  than  the  others.  By 
Aug.  27  the  plants  irrigated  at 
weekly  intervals  had  more  leaf 
growth  than  those  irrigated  3 times 
a week.  This  trend  continued 
throughout  the  remainder  of  the  ex- 
periment. 

Statistical  analysis  of  the  amounts 
of  leaf  elongation  attained  on  Sept. 
25  and  on  Nov.  4 shows  that  within 
the  group  of  offshoots  cut  from  irri- 
gated parents  the  leaf  extension 
made  by  the  offshoots  irrigated  at 
weekly  intervals  was  significantly 
greater  than  that  made  by  those 
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irrigated  3 times  a week,  by  odds 
of  19:1. 

Within  the  group  of  offshoots  cut 
from  parents  subjected  to  drying, 
however,  the  difference  in  growth 
resulting  from  the  irrigation  treat- 
ments applied  to  the  offshoots  was 
not  statistically  significant. 

The  soil  temperature  curves  (Fig- 
ure 2,B ) show  that  temperatures 
between  78°  F.  and  86°  F.  oc- 
curred between  July  1 and  Oct.  1. 
During  November,  when  the  soil 
temperature  dropped  below  60°  F., 
little  growth  was  made.  The  aver- 
age temperatures  in  the  moist  plots 
were  from  2°  to  4°  F.  higher  than 
those  in  the  wet  plots.  Appreciable 
variation  between  different  plots  oc- 
curred, however,  so  the  differences 
are  not  significant. 

The  soil  moisture  in  the  wet  plots 
fluctuated  between  tension  values  of 
75  and  125  centimeters  of  water, 
or  31  to  25  percent  soil  moisture 
(Figure  2,C).  In  the  moist  plots, 
the  range  was  from  100  to  200  centi- 
meters of  water  tension,  or  27.5  to 
19.5  percent  soil  moisture.  Since 
the  average  wilting  point  of  the 
upper  2 feet  is  about  4.0  percent,  it 
is  evident  that  even  under  the  week- 
ly irrigation  schedule  the  soil  mois- 
ture was  maintained  at  high  values. 
Since  soil  temperatures  under  the 
two  irrigation  treatments  were  not 
suffciently  different  to  explain  the 
observed  differences  in  growth,  it 
appears  probable  that  the  reduced 
growth  of  the  offshoots  on  the  wet 
plots  was  caused  by  poor  soil  aera- 
tion. There  was  probably  greater 
loss  of  nitrate  by  leaching  in  the 


wet  than  in  the  moist  plots.  In  early 
September,  however,  ammonium  ni- 
trate was  applied  to  half  of  the 
plants  in  each  treatment,  and  there 
was  no  response  to  fertilization  by 
December,  when  the  experiment  was 
terminated. 

To  determine  whether  growth  of 
the  offshoots  during  the  first  sea- 
son was  related  to  size  of  the  off- 
shoot at  planting,  the  coefficient  of 
correlation  between  offshoot  weight 
and  leaf  extension  was  calculated. 
This  value  (r=  0.18)  was  not  sig- 
nificant for  this  group,  which  had 
a weight  range  of  32  to  155  pounds. 
Aldrich  et  al.  (1)  also  found  no 
relation  between  size  of  offshoots  at 
planting  and  growth  made  by  off- 
shoots within  the  size  range  38  to 
82  pounds. 

All  of  the  offshoots  planted  had 
developed  roots  before  they  were 
cut,  but  shoots  with  many  roots 
made  no  better  growth  than  those 
with  few  roots. 

The  results  obtained  in  this  in- 
vestigation indicate  that  on  moder- 
ately heavy  soils,  such  as  Indio 
loam,  a satisfactory  irrigation  sched- 
ule for  date  offshoots  during  the 
first  season  after  planting  would  be 
at  2-  to  3-day  intervals  between  ap- 
plications of  water  for  about  a 
month  after  planting,  with  an  in- 
crease of  the  interval  thereafter  to 
at  least  7 days.  Because  the  sur- 
vival of  offshoots  was  very  high 
under  all  treatments,  the  results  of 
this  experiment  shed  no  light  on  the 
possible  causes  of  variation  in  off- 
shoot survival. 


Summary 

The  leaf  growth  of  offshoots  re- 
moved from  palms  previously  sub- 
jected to  a period  of  severe  water 
deficit  was  significantly  less  than 
that  of  offshoots  obtained  from 
palms  that  were  subjected  to  only 
slight  water  deficit.  A high  sur- 
vival (95%)  of  all  offshoots  was  ob- 
tained, with  no  significant  differ- 
ences due  to  treatment. 

An  irrigation  interval  of  2 or  3 
days  maintained  soil  moisture  ten- 
sions between  75  and  125  centi- 
meters of  water  and  produced  sig- 
nificantly greater  leaf  extension 
during  the  first  40  days  after  plant- 
ing than  an  irrigation  interval  of 
7 days,  which  allowed  a 200  centi- 
meter tension  to  develop.  During 
the  next  124  days,  the  growth  rate 
changed  so  that  at  the  end  of  the 
period  more  new  growth  was  pres- 
ent on  offshoots  irrigated  at  7-day 
intervals  than  on  offshoots  irrigated 
at  2-  or  3-day  intervals.  This  differ- 
ence was  statistically  significant  in 
only  the  group  of  offshoots  from 
irrigated  parent  palms. 

There  was  no  correlation  between 
the  amount  of  leaf  extension  and  the 
original  weight  of  the  offshoot  with- 
in the  weight  range  of  32  to  155  lbs. 
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Growing  Quality  Fruit  Pays  Dividends 

T.  R.  Brown,  Grower 


My  talk  deals  with  the  subject  of 
dividends  back  to  growers.  You 
might  well  ask  what  kind  of  divi- 
dends. It  is  because  there  are  no 
dividends  from  date  growing  today 
that  I am  talking  on  the  subject. 

The  period  to  be  discussed  is  from 
1942  to  1946  inclusive,  that  period 
in  which  date  growing  was  a pleas- 
ant and  profitable  occupation.  Be- 
fore we  turn  to  that  period,  how- 
ever, let  us  consider  for  a few 
minutes  some  of  the  reasons  why 
today’s  returns  are  unsatisfactory. 

First  is  a factor  over  which  we 
have  little  or  no  control,  the  cheap 
dollar,  or  in  other  words,  the  high 
cost  of  living.  The  January  15th  in- 
dex of  the  cost  of  living  stood  at 
the  record  high  of  168.8,  with  the 
period  1935-39  as  100.  The  food  in- 
dex alone  was  209.7,  which  means 
that  the  shopper  takes  home 
less  than  half  the  groceries  for  the 
same  amount  of  money  spent  in 
1935-39.  This  situation  forces  the 
consumer  to  concentrate  upon  the 
necessities  of  life  and  leaves  little 
room  in  the  average  budget  for  our 
California  specialty  crops.  Other 
products  as  well  as  dates  are  gather- 
ing dust  on  the  grocers’  shelves.  The 
importation  of  foreign  dates  was 
reduced  by  the  importers  in  1947  to 
20  million  pounds  from  48  million 
in  1946,  and  this  smaller  volume 
is  moving  slowly. 

The  loss  of  export  sales  fol- 
lowing the  war  has  materially  af- 
fected dried  fruit  sales,  and  along 
with  them  our  dates.  Normally  one- 
fourth  to  one-third  of  our  dried 
fruits  are  exported.  The  warehouses 
of  the  Central  valley  are  bulging 
with  unsold  figs,  raisins  and  prunes. 
Our  farmers  and  marketing  organi- 
zations, along  with  the  Europeans, 
are  looking  to  the  Marshall  Plan 
for  assistance. 

Second:  The  reputation  of  the 
California  date  suffered  during  the 
period  of  high  prices.  Marketing 
standards  were  discarded  in  the 
gold  rush  and  as  a result  the  quality 
of  our  product  no  longer  commands 
a premium  over  imported  dates.  We 
demand  a high  standard  of  qualitv 
in  goods  we  buy  and  we  should  ex- 
pect others  to  demand  it  of  our 
product. 

Third:  We  have  had  three  suc- 
cessive vears  of  mediocre  or  poor 
crops.  These,  together  with  few  if 
anv  marketing  regulations,  have 
done  little  to  enhance  the  reputa- 
tion of  our  product.  We  can  still 
sell  good  dates  at  a satisfactory 
price,  but  at  the  present  time  sub- 
standard dates  do  not  return  the 


cost  of  growing  to  the  farmer. 

I am  a member  of  a committee  of 
our  marketing  organization  that  has 
as  one  of  its  jobs  the  improvement 
of  quality.  We  have  worked  with 
the  packing  houses  and  with  grow- 
ers in  an  effort  to  put  high  quality 
dates  on  the  market.  My  opinion 
after  two  years  of  work  on  that  com- 
mittee is  that  the  improvement  of 
quality  is  an  industry  as  well  as  an 
individual  problem. 

From  discussions  with  other  grow- 
ers it  occurred  to  me  that  the  grade 
out  and  returns  from  our  garden 
have  for  several  years  been  above 
the  average  in  our  organization.  If 
proof  could  be  offered  to  others  that 
it  pays  to  grow  quality  dates  the 
benefits  might  be  reflected  in  a gen- 
eral improvement  in  the  industry. 

My  plan  is  to  show  the  tonnage 
grown,  the  cost  per  acre  and  per 
pound,  and  the  net  returns  per  acre 
of  our  garden  over  a five  year  period 
from  1942  through  1946.  Only  nine 
acres  of  mature  trees  of  our  23 
acres  will  be  used  in  this  study. 
Other  acreage  is  immature.  I will 
then  show  costs  and  net  returns 
based  upon  the  average  tonnage 
with  the  average  grade  out  of  the 
California  Date  Growers’  Associa- 
tion, of  which  we  are  members.  Our 
own  growing  costs  will  be  used  but 
adjusted  to  meet  any  difference  in 
picking  costs  due  to  a difference  in 
tonnage  grown.  I am  assuming  that 
our  cost  of  operations  is  near  the 
average  of  other  members  of  the 
association.  If  the  average  cost  is 
lower,  and  I hope  it  is.  the  average 
returns  will  be  higher  than  shown 
on  the  charts.  This  assumption  is 
the  weak  spot  in  this  report.  Our 
Association  packs  about  six  million 
pounds  of  Deglet  Noor  dates  annu- 
ally and  offers  a representative  cross 
section  of  the  industry  for  compari- 
son. 

Mr.  W.  W.  Cook,  president  of  the 
Association,  agreed  to  furnish  anv 
data  needed.  The  cooperation  of 

Chart  1.  — Expenses  per  Acre. 


1942 


Labor 

$ 160.47 

Fertilizer 

121.33 

Water 

42.01 

Taxes 

10.36 

Tractor  and  Hauling 

13.44 

Twine  and  Paper 

32.23 

Depreciation 

38.21 

Other  Expenses 

18.87 

TOTAL 

436.92 

Mr.  Cook  and  his  assistants  is  great- 
ly appreciated. 

Seven  charts  will  be  shown.  They 
tell  the  story  much  better  than 
words. 

Chart  1 is  shown  to  emphasize 
the  difference  in  cost  of  growing 
dates  between  the  years  of  1942  and 
1947.  The  percent  of  change  shows 
the  decline  in  purchasing  value  of 
the  dollar.  It  also  shows  the  neces- 
sity of  increased  returns  if  the  farm- 
er is  to  survive. 

The  per  cent  of  change  is  irregu- 
lar and  certain  items  need  explain- 
ing. The  cost  of  fertilizer  has  been 
kept  constant  by  buying  more  com- 
mercial fertilizer  and  less  manure 
per  acre.  Taxes  have  increased  tre- 
mendously and  will  bear  watching. 
They  have  reached  a figure  higher 
than  the  rental  value  of  our  land, 
with  returns  low  as  they  are.  In 
addition  to  the  333%  increase 
shown,  our  acreage  is  also  subject 
to  an  assessment  of  $.004  per  pound 
for  the  State  Marketing  Order.  Ap- 
plied to  the  1947  crop,  this  amounts 
to  an  additional  tax  of  $39.66  an 
acre,  all  of  which  makes  our  taxes 
over  600%  greater  than  1942! 

Tractor  and  hauling  expenses 
have  increased  with  increased  ton- 
nage, higher  labor  and  supply  costs, 
and  more  repairs  on  older  equip- 
ment. Depreciation  expenses  in- 

Chart  2.— Average  Expenses  per 
Acre— 1942-46  inclusive. 


Labor 

$375.32 

Fertilizer 

109.85 

Water 

52.33 

Taxes 

23.03 

Tractor  and  Hauling 

36.16 

Twine  and  Paper 

33.08 

Depreciation 

1 12.89 

Other  Expenses 

107.81 

TOTAL 

$850.47 

1947 

% Change 

$ 505.81 

+ 

215 

1 19.05 

— 

2 

44.34 

+ 

5 

44.81 

+ 

333 

61.19 

+ 

355 

57.49 

+ 

78 

150.64 

+ 

297 

143.76 

_l_ 

662 

1 127.09 

158 
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creased  with  added  equipment  and 
housing  facilities.  The  increase  in 
other  expenses  is  largely  due  to 
throwing  the  cost  of  a shipment  of 
ladders  into  expenses  rather  than 
capitalizing  the  expense. 

Chart  2 needs  little  explanation. 

I am  sure  several  of  the  expenses 
could  be  reduced.  We  made  little 
effort  to  economize  on  growing  costs 
while  returns  were  high.  Our  aver- 
age costs  for  the  five  year  period 

Chart  3.— Average  Grade  Out  — 

% 


Fancy 

Brown 

18.3 

Choice  and  Standard 

27.4 

No.  1 Dry 

28.3 

Substandard 

9.8 

Spots 

4.9 

Culls 

7.0 

Shrinkage 

4.3 

were  2.7  greater  than  those  re- 
ported in  a comprehensive  cost  study 
of  date  growing  representing  124.6 
acres  of  mature  trees  compiled  for 
the  years  1934-1939  by  H.  B.  Rich- 
ardson, Assistant  County  Agent. 

Chart  3 shows  the  average  grade 
out  of  our  garden  over  the  five  year 
period,  the  average  of  the  California 
Date  Growers’  Association,  and  the 
per  cent  of  difference.  It  is  inter- 
esting to  note  that  if  the  fruit  from 
our  garden  falls  in  the  natural 
grades  the  tendency  seems  to  be 
for  a greater  per  cent  of  it  to  reach 
the  Fancy  grade  and  less  in  the 
Choice  grade  than  the  fruit  graded 
by  the  Association.  Likewise,  more 
of  our  dry  fruit  seems  to  be  in  the 
No.  1 dry  grade  rather  than  Sub- 
standard. The  effects  of  these  dif- 


ferences is  reflected  in  the  returns 
per  pound  columns  shown  in  suc- 
ceeding charts. 

Chart  4 briefly  summarizes  the 
tonnage,  growing  and  packing  cost, 
gross  and  net  returns  per  pound  and 
acre.  Column  one  gives  the  year: 
column  two,  the  net  picked  weight 
per  acre;  column  three,  the  total 
growing  cost  per  acre;  column  four, 
growing  cost  per  pound;  column 
five,  packing  cost  per  pound;  col- 

1942-46  Inclusive. 


% 

% 

Cal  Date 

Difference 

4.5 

+ 13.8 

40.4 

— 13. 

18.1 

+ 10.2 

16.6 

— 6.8 

3.9 

+ I- 

9.8 

— 2.8 

6.9 

— 2.6 

umn  six,  total  cost  per  pound;  col- 
umn seven,  gross  returns  per  pound; 
column  eight,  net  returns  per 
pound;  and  column  nine,  net  re- 
turns per  acre. 

Gross  returns  per  pound,  (column 
seven)  was  found  by  dividing  col- 
umn one  (picked  weight  per  acre) 
into  total  returns  per  acre.  Returns 
from  field  culls  and  from  unpollin- 
ated fruit  were  excluded. 

Chart  5 is  in  the  same  form  as 
Chart  4.  It  is  based  upon  the  aver- 
age picked  weight  per  acre  of  mem- 
bers of  the  California  Date  Growers’ 
Association.  Gross  returns  to  grow- 
ers are  based  upon  the  average  price 
per  pound,  on  picked  weight  before 
shrinkage  or  packing  house  culls 
are  deducted,  to  conform  with  col- 
umn two  in  Chart  4.  Growing  costs 


per  acre  (column  three)  are  based 
upon  our  own  costs  per  acre 
(column  three  Chart  4)  with  pick- 
ing costs  adjusted  according  to  ton- 
nage picked. 

Chart  6 summarizes  the  informa- 
tion set  forth  in  Charts  4 and  5. 
Our  heavier  average  tonnage  per 
acre  for  the  period  can  in  part  be 
due  to  a difference  in  age  of  trees. 
Our  trees  were  one-half  nine  and 
one-half  ten  years  old  in  1942.  The 
average  tonnage  per  acre  of  Cali- 
fornia Date  Growers’  Association 
members  came  from  trees  of  mis- 
cellaneous ages.  The  cost  per  pound 
naturally  decreases  with  increased 
tonnage  produced.  The  premium  ob- 
tained by  our  fruit  is  explained  by 
Chart  3,  since  all  fruit  was  sold 
through  the  same  organization.  A 
study  of  this  chart  would  indicate 
that  heavy  production  per  acre  of 
better  than  average  fruit  pays  divi- 
dends. 

The  following  chart  has  little  re- 
lation to  this  study  but  is  offered  to 
show  changes  that  have  taken  place 
in  date  growing  since  1934.  Columns 
one  and  two  are  the  same  as  shown 
in  Chart  6,  but  column  three  is  a 
summary  of  the  cost  study  made  by 
Mr.  Richardson  and  a number  of 
date  growers  referred  to  earlier  in 
the  report. 

Several  comparisons  in  the  above 
chart  are  interesting.  First  is  the 
great  increase  in  tonnage  grown  in 
the  last  few  years  as  compared  with 
the  1934-39  period.  The  average 
age  of  trees  in  the  Richardson  re- 
port was  10.6  years,  an  age  closely 
paralleling  that  of  our  trees.  I 
would  attribute  much  of  the  increase 
to  the  work  of  Roy  Nixon  in  his 
studies  and  reports  of  leaf  and 
bunch  management,  and  to  the 
work  of  other  scientists  from  the 
United  States  Experimental  Garden 


Chart  4.  — Cost  and  Returns  Per  Acre  — Browns'. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

Lb. 

per 

acre 

Growing 

cost 

per  acre 

Growing 
cost 
per  lb. 

Packing 
cost 
per  lb. 

Total 
cost 
per  lb. 

Gross 
returns 
per  lb. 

Net 
returns 
per  lb. 

Net 
returns 
per  acre 

1942 

8758 

$ 436.90 

.0498 

.034 

.0838 

.1744 

.0906 

$ 793.47 

1943 

12957 

892.16 

.0688 

.026 

.0948 

.3072 

.2124 

2752.07 

1944 

12536 

1024.78 

.0817 

.03 

.1117 

.3404 

.2286 

2866.48 

1945 

4689 

1091.79 

.2328 

.0475 

.2814 

.1765 

- .1038 

- 486.91 

1946 

18427 

1212.27 

.0657 

.0289 

.0947 

.1397 

.0449 

828.32 

Chart 

5.  — Cost  and 

Returns  Per 

Acre  — Cal 

Date  Average. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Lb. 

per 

acre 

Growing 

cost 

per  acre 

Growing 
cost 
per  lb. 

Packing 
cost 
per  lb. 

Total 
cost 
per  lb. 

Gross 
returns 
per  lb. 

Net 
returns 
per  lb. 

Net 
returns 
per  acre 

1942 

7485.8 

$ 444.18 

.0593 

.0153 

.0746 

.1381 

.0634 

$ 475.25 

1943 

8551.4 

848.10 

.0991 

.021 

.1201 

.2645 

.1443 

1234.25 

1944 

10806.5 

1007.48 

.0932 

.0281 

.1213 

.256 

.1346 

1454.77 

1945 

4741.9 

1092.45 

.2303 

.0475 

.2779 

.1326 

- .1456 

- 690.71 

1946 

10468. 

1112.78 

.1063 

.0289 

.1352 

.1336 

- .0016 

- 17.27 
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and  the  University  of  California 
through  the  Riverside  Citrus  Ex- 
periment Station.  We  also  owe  Mr. 
Richardson  much  for  his  help  in 
improvement  of  growing  methods. 
His  group  meetings  and  demonstra- 
tions in  cultural  practices  and  his 
sound  advice  have  paid  us  big  divi- 
dends. 

Growing  costs  in  the  last  five 
vears  were  nearly  three  times  that 
of  the  1934-39  period.  Based  on  the 
same  tonnage,  costs  would  have 
been  over  five  times  as  high.  Higher 
returns  in  the  later  period  more 
than  offset  the  difference.  After  com- 
paring net  returns  per  acre  this 
vear,  it  looks  like  history  was  be- 
ginning to  repeat  itself.  Returns 
per  pound  are  slipping  back  to  pre- 
war days  but  costs  are  constantlv 
rising.  The  solution  of  our  problem 
calls  for  sound  thinking  on  our 
part. 

Production  figures,  costs  and  re- 
turns given  in  this  report  were  used 
as  a basis  for  income  tax  purposes. 
They  are  quite  personal  and  I apolo- 


gize for  laying  them  before  you.  I 
do  so  only  to  point  out  that  to  make 
date  growing  profitable  we  must 
emphasize  both  tonnage  and  quality. 


Good  marketing  years  will  return 
and  growers  who  keep  their  gar- 
dens in  peak  conditions  will  profit 
thereby. 


Chart  6.  — Cost  and  Returns  Per  Acre,  Five  Year  Average— 
1942-1946. 


Average  pounds  per  acre 
Average  cost  per  pound  * 
Average  returns  per  pound 
Net  profit  per  pound 
Net  profit  per  acre 
* — Includes  packing. 


Brown 

1 1473.4 

.1119 
.2297 
.1177 
$ 1150.63 


Cal  Date 
8410.4 

.13009 
.19235 
.0623 
$ 523.99 


Chart  7.  — F ive  Year  Average  1942-46  Versus  Six  Year  Average 
1934-39. 


Average  pounds  per  acre 
Average  cost  per  pound 
Average  returns  per  pound 
Net  profit  per  pound 
Average  net  profit  per  acre 


Brown 

11473.4 

.1119 
.2297 
.1177 
$ 1150.63 


1934-39 

5827. 

.0445 
.0476 
.0031 
$ 18.06 
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The  Effect  of  Picking  Practice  Upon 
Date  Packing  Cost 

Wm.  W.  Cook,  Grower  and  Packer 


The  effect  of  picking  practices 
upon  packing-house  costs  can  best 
be  discussed  by  considering  how 
these  costs  are  affected  by  certain 
types  of  fruit  which  a grower  may 
deliver  to  a packer.  To  do  this,  it 
is  assumed  that  an  efficient  packer 
can  handle  a pound  of  good  field 
run  dates  for  two  and  three  quar- 
ters cents  (.0275).  This  figure  is 
intended  to  cover  all  direct  and 
overhead  packing-house  expense  ex- 
cept the  actual  cost  of  half  lugs  or 
other  containers.  It  is  in  line  with 
cost  records  of  the  California  Date 
Growers  Association.  It  is  assumed 
that  marketable  dry  dates  will  be 
hydrated  with  a gain  in  weight  of 
ten  percent,  and  that  the  cost  of 
hydration  is  offset  by  the  value  of 
this  added  weight.  Therefore,  no 
credit  is  made  for  gain  in  weight 
and  no  cost  is  allowed  for  hydration. 

If  a grower  delivers  a lot  of  1,000 
pounds  of  good  field  run  dates 
which  is  reduced  by  a 3%  shrinkage 
and  the  removal  of  2%  culls,  the 
grower  has  a net  pack-out  of  950 
pounds.  The  packer  has  spent 
$27.50  to  prepare  them  for  packing. 
If  the  culls  have  a value  of  IV2C,  the 
sum  of  thirty  cents  can  be  deducted 
from  cost,  leaving  a net  packing- 
house expenditure  of  $27.20  to  pro- 
duce 950  lhs.  or  a cost  of  .0286  per 
packed  pound.  (Cost  of  container 
to  be  added,  which  is  about  one 
cent  per  pound  for  bulk). 

We  now  compare  the  results  of 
handling  three  other  lots  of  1,000 
pounds  each.  For  reference,  we  will 
call  the  lot  just  described,  which 
produced  a pack-out  of  950  pounds 
at  a cost  of  .0286  per  pound,  lot 
“A”.  The  second  lot  considered  will 
be  designated  as  lot  “B”.  This  lot 
is  delivered  by  a grower  'who  oper- 
ates his  ranch  well  and  does  a good 
job  of  picking.  He  also  has  only 
2%  culls.  But  lot  “B”  is  found  to 
contain  50%  high  moisture  fruit, 
part  green  and  part  ripe  but  too 
wet  to  pack.  It  is  found  that  this 
500  pounds  (half  of  the  total  of 
1,000  lbs.)  must  be  placed  on  trays. 
Records  show  that  an  added  cost 
of  one-half  cent  per  pound  is  in- 
curred on  this  500  pounds,  or  $2.50. 
In  addition,  an  added  shrinkage 
takes  place.  In  this  case,  the  dates 
on  trays  are  found  to  average  35% 
moisture.  The  finished  product  'has 
an  average  moisture  content  of  24%. 
This  is  accomplished  by  the  remov- 
al of  72  pounds  of  water,  which 
means  that  the  normal  3%  shrink 


is  increased  to  10.2%  of  the 
total  delivered  weight.  The  pack- 
out  is  1000  lbs.  less  102  lbs.  shrink 
and  20  lbs.  culls,  or  a net  of  878 
pounds.  Cost  per  packed  pound  is 
.0338. 

Basic  Cost  on  1,000  lbs.  $27.50 
Extra  Cost  for  Tray- 
ing  500  lhs.  2.50 

$30.00 

Less:  Value  20  lbs 

Culls  .30 


$29.70 

Lot  “C”  is  similar  to  lot  “A”  ex- 
cept that  an  inspection  sample 
shows  25%  culls,  of  which  half  are 
interior  defects  (mold  and  insect 
infestation  inside  the  date).  The 
packer  debates  as  to  his  ability  to 
remove  the  culls.  Since  the  infes- 
tation is  under  15%.  he  decides  to 
grade  the  lot  even  though  he  knows 
he  will  spend  at  least  twenty  dollars 
(2c  per  lb.  on  the  entire  lot)  as 
an  additional  grading  expense  over 
and  abovb  the  basic  cost  of  $27.50. 
He  also  knows  that  the  best  grading 
job  possible  will  result  in  the  cull- 
ing of  an  additional  ten  percent  of 
good  dates.  It  is  impossible  to  grade 
out  dates  with  interior  defects  with- 
out removing  quite  a number  of 
good  dates  that  are  suspected  of 
containing  interior  defects.  The  re- 
sult of  the  handling  of  lot  “C”  is 
350  pounds  of  culls,  19%  pounds 
shrink,  and  a net  pack-out  of  630% 
pounds.  Cost  per  packed  pound  is 
.0670. 

Basic  Cost  of  1,000  lbs.  $27.50 

Extra  Cost  Due  Interior 
Defects  20.00 

$47.50 

Less:  Value  350  lbs.  culls  5.25 
$42^25 

Lot  “D”  is  one  that  contains  both 


high  moisture  fruit  and  culls.  It  is 
a combination  of  the  two  situations 
set  forth  for  lots  “B”  and  “C”.  The 
only  variation  is  that  only  40%  of 
the  lot  must  be  placed  on  trays  due 
to  the  high  percentage  of  culls 
thrown  out  on  the  first  grading. 
Also,  the  tray  fruit  must  be  regraded 
carefully,  as  interior  defects  are 
found  in  the  trayed  fruit.  This  adds 
another  two  cents  a pound  to  the 
cost  of  the  pack-out  from  the  tray 
fruit.  The  shrinkage  on  400  pounds 
(reduced  from  35%  to  24%  mois- 
ture) is  58  pounds.  The  shrinkage 
on  the  total  lot  is  77%  pounds.  The 
total  culled  is  again  350  pounds. 
The  culls  also  lost  moisture,  so  the 
recovery  from  culls  is  a cent  and  a 
half  a pound  on  300  pounds.  The 
net  pack-out  is  only  572-%  pounds. 
The  cost  per  packed  pound  is  .0905. 


Basic  Cost  on  1,000  lbs.  $27.50 
Extra  Cost  Due  Interior 


Defects 

20.00 

Extra  Cost  Traying 
400  Pounds 

2.00 

Extra  Regrading  342 
lbs.  Tray  Output 

6.84 

Less:  Value  300  lbs. 
Culls 

$56.34 

4.50 

$51.84 

The  examples  given  are  arbitrary 
but  they  are  typical  of  lots  received 
by  packers.  Even  lot  “D”  can  not  be 
considered  as  a horrible  example, 
as  lots  were  received  in  1946  which 
had  only  a few  dates  not  requiring 
drying  and  which  contained  over 
50%  culls.  Cost  figures  used  are 
conservative  in  all  cases.  In  this 
regard,  attention  is  called  to  the 
fact  that  if  harvesting  cost  were  in- 
cluded, the  increased  cost  per 
packed  pound  on  low  pack-out  lots 
would  become  even  more  alarming. 
The  following  table  summarizes  the 
study  of  the  four  lots  discussed 
above: 


Results  of  Handling  Four  Types  of  Lots 


Lot 

Type  Fruit 

Del. 

Pounds 

Total 
Culls  & 
Shrink 

A 

2% 

Cull,  Tree-ripe 

1,000 

50 

B 

2% 

Cull,  Wet  Fruit 

1,000 

122 

C 

25% 

Cull,  Tree-ripe 

1,000 

365% 

D 

25% 

Cull,  wet  fruit 

1,000 

42716 

* Cost 

is  exclusive 

Packed 

Pounds 

*Total 
Net  Cost 

Cost  per 
Deliv.  lb. 

Cost  per 
Packd.  lb. 

950 

$27.20 

.0272 

.0286 

878 

29.70 

.0297 

.0338 

63016 

42.25 

.0423 

.0670 

57216 

51.84 

.0518 

.0905 

container. 
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Conclusions 

The  picking  and  delivery  of  culls 
is  the  most  serious  obstacle  to  pack- 
ing-house efficiency.  Green  dates  and 
high  moisture  content  dates  add  to 
cost.  It  is  possible  that  better  qual- 
ity in  pack-out  will  offset  this  higher 
cost,  provided  excessive  culls  are 
not  present.  The  grower  of  high 
moisture  dates  must  be  particularly 
careful  to  avoid  culls. 


Means  of  Avoiding  Culls: 

1.  Pick  as  frequently  as  pos- 
sible. 

2.  Use  best  practices  for  reduc- 
tion of  mold  and  insect  in- 
festation in  field.  (See  prev- 
ious Date  Institute  Reports 
on  this  subject.) 

3.  Deliver  dates  to  packing- 
house promptly.  Green  dates 


develop  mold  and  fermenta- 
tion when  held  unfumigated. 
Insect  infestation  is  an  even 
greater  danger. 

4.  Grower  should  ask  packer  to 
notify  him  immediately  up- 
on receipt  of  a lot  contain- 
ing a high  cull  percentage. 
Upon  receipt  of  such  notice 
he  should  take  action  to  cor- 
rect picking  operation. 
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Acidity  In  Relation  To  Quality  In  The  Date  Fruit 

G.  L.  Rygg,  U.  S.  Department  of  Agriculture,  Pomona,  Calif. 


The  1947  crop  of  Deglet  Noor 
dates  in  California  was  character- 
ized by  having  an  unusually  high 
percentage  of  fruit  in  the  dry 
grades.  It  is  not  unusual  for  as 
much  as  30  percent  of  the  crop  to 
be  so  dry  as  to  require  hydration, 
but  80  to  90  percent,  or  more,  of 
the  1947  crop  was  so  dry  that  it 
had  to  be  hydrated  or  macerated 
before  it  could  be  marketed.  The 
reason  for  such  a high  percentage 
of  dry  dates  is  not  known,  but  the 
condition  is  thought  to  be  related 
in  some  way  to  the  weather  con- 
ditions during  the  growing  season. 

Because  of  the  firm  texture  and 
somewhat  unattractive  appearance 
dry  grades  of  Deglet  Noor  dates  are 
looked  upon  with  disfavor  by  the 
trade,  in  spite  of  their  nutty  flavor 
which  is  very  agreeable  to  many. 
This  characteristic  flavor  tends  to 
be  destroyed  by  the  usual  methods 
of  hydration. 

The  sugar  content  of  the  dry 
grades  of  dates,  expressed  as  per- 
centage of  total  dry  matter,  is  as 
high  as  that  of  the  better  grades, 
but  the  amount  occurring  in  the 
form  of  sucrose  is  usually  higher 
in  the  dry  grades.  These  facts  have 
been  reported  previously  at  this  In- 
stitute by  Sinclair,  Bartholomew, 
and  Bliss  (1),  and  are  further  sub- 
stantiated by  the  data  given  below 
in  table  1.  The  high  proportion  of 
sucrose  and  the  accompanying  low 
content  of  reducing  sugars  is  un- 
doubtedly related  to  the  early  dry- 
ing of  the  dates  on  the  palms  be- 
fore the  usual  amount  of  inversion 
which  accompanies  ripening  has 
taken  place.  A high  proportion  of 
the  sugar  in  all  Deglet  Noor  dates 
is  in  the  form  of  sucrose  before 
ripening  begins. 

Consistent  compositional  differ- 
ences between  the  dry  grades  of 
dates  and  the  more  desirable  fancy 
and  choice  grades  have  not  previous- 
ly been  reported.  There  appears, 
however,  to  be  a consistent  differ- 
ence in  the  degree  of  acidity  in 
Table  1.— Sugar  Content  of  Deg- 
let Noor  Dates  of  Various 
Commercial  Grades. 


Choice  78.6 

Standard  77.7 

Waxy  tip  77.4 

No.  1 78.8 

No.  2 for  hydration.  ..  78.0 
No.  2 for  maceration....  78.1 


47 

47 

37 

27 

24 

24 


these  grades.  Dates  are  normally 
low  in  acid,  but  apparently  the 
amount  present  and  the  condition  in 
which  it  occurs  play  highly  import- 
ant roles  in  the  ripening  processes. 
The  effect  is  presumably  brought 
about  by  the  influence  the  acid  ex- 
erts on  the  activity  of  the  enzymes 
concerned,  some  of  which  are  sensi- 
tive to  small  differences  in  this 
respect.  Measurement  of  the  active 
acidity,  or  hydrogen-ion  concentra- 
tion, in  more  than  200  individual 
date  fruits  has  shown  a consistent 
difference  between  dates  of  high  and 
low  quality;  that  is,  fancy  or  choice 
as  compared  with  dry  grades,  the 
highest  quality  being  associated 
with  the  lowest  hydrogen-ion  con- 
centration (highest  pH  value). 

The  method  used  consisted  of 
grinding  the  date  flesh  in  a food 
chopper  and  mixing  it  with  a small 
quantity  of  water,  usually  one  part 
of  water  to  one  part  of  date  paste 
bv  weight.  The  hydrogen-ion  con- 
centration of  this  material  was  de- 
termined with  a Beckman  glass  elec- 
trode pH  meter.  The  addition  of 
water  was  made  to  assure  good  con- 
tact with  the  electrodes  in  all  in- 
stances. The  effect  of  adding  water 
was  to  increase  the  pH  readings 
slightly  (lower  the  hydrogen-ion 
concentration),  but  the  positions  of 
different  lots  of  dates  relative  to  one 
another  remained  the  same. 

Hvdrogen-ion  concentration,  or 
active  aciditv,  is  expressed  on  a 
pH  scale.  This  scale  may  seem 
somewhat  confusing  but  is  actually 
easy  to  follow.  A value  of  7 repre- 
sents a condition  in  which  the  acidi- 
tv and  alkalinity  are  balanced.  This 
condition  is  found  in  pure  water. 
A value  of  6 represents  a condition 
ten  times  as  acid  as  7,  and  a value 
of  5 is  ten  times  as  acid  as  6.  and 
so  on. 

The  trend  of  the  pH  values  found 
is  indicated  by  the  following  ranges: 

41  of  54  fancy  were  within  the  range 

pH  6.0  to  6.9 

21  of  25  standard  were  within  the  range 

pH  5.2  to  5.7 

24  of  30  No.  1 were  within  the  range 

pH  5.2  to  5.9 

65  of  69  No.  2 were  within  the  range 

pH  4.9  to  5.7 

10  of  11  "rubbery"  were  within  the 

range  pH  5.0  to  5.2 

“Rubbery”  refers  to  a certain  qual- 
ity characterized  by  reddish  color, 
spongy  texture,  and  a corrugated 
surface.  The  flavor  of  such  dates  is 
satisfactory  but  they  are  very  dif- 
ficult to  hydrate  because  of  resist- 


ance of  the  flesh  to  breaking  down. 

The  acidities  found  in  high  grade 
Deglet  Noor  dates  indicate  a pH 
value  of  6.0  or  higher.  The  values 
found  in  the  dry  grades  show  much 
more  acidity  than  has  been  reported 
previously  for  this  variety  (2),  but 
no  fruits  of  the  dry  grades  were  in- 
cluded in  the  material  used  in  prev- 
ious tests.  The  highest  acidity  found 
in  an  individual  fruit  was  pH  3.93. 
Grayish  colored  dry  dates  that  had 
the  appearance  of  having  suffered 
from  mite  injury  had  a hydrogen- 
ion  concentration  in  the  same  range 
as  that  of  good  quality  fruit.  High 
quality  dates  of  the  soft  type  have 
hydrogen-ion  concentrations  in  the 
same  range  as  a good  grade  of  Deg- 
let Noor,  pH  values  of  6.3  to  6.8 
having  been  found. 

These  results  suggest  that  high 
acidity  interferes  with  the  normal 
ripening  processes  by  making  the 
conditions  such  that  some  of  the 
hydrolytic  enzymes  are  unable  to 
perform  their  normal  functions  be- 
fore the  fruits  have  dried  to  an  ex- 
tent that  will  of  itself  inhibit  enzy- 
matic action.  On  the  assumption 
that  the  normal  ripening  processes 
are  slowed  down  or  stopped  by  the 
relatively  high  acidity,  several  at- 
tempts have  been  made  on  harvested 
dates  to  lower  the  acidity  and  thus 
promote  softening  of  the  flesh.  These 
attempts  have  met  with  only  partial 
success. 

Dry  grades  of  dates  were  held  in 
air-tight  vessels  over  water  contain- 
ing varying  concentrations  of  am- 
monia. Others  were  immersed  in 
such  solutions  for  varying  lengths 
of  time  at  the  suggestion  of  Dr.  D. 
G.  Clark  of  Cornell  University.  Still 
more  severe  treatments  consisted  in 
immersing  dates  in  ammonia  solu- 
tions in  a suction  flask,  evacuating 
the  flask,  then  releasing  the  negative 
pressure  and  pouring  off  the  surplus 
solution.  By  this  infiltration  method 
the  ammonia  solution  was  forced 
into  the  flesh.  The  best  texture  re- 
sulted from  the  infiltration  method 
in  which  the  5 percent  concentra- 
tion of  a 28  percent  ammonium  hy- 
droxide solution  was  used,  or  the 
equivalent  of  about  1.4  percent  pure 
ammonia  dissolved  in  water.  The 
hydrogen-ion  concentration  (active 
acidity)  of  the  date  flesh  was  de- 
creased from  about  pH  5.60  to  a 
final  value  of  pH  6.18  to  6.71.  Dates 
treated  in  this  way  and  held  at  room 
temperature  for  1 to  2 weeks  de- 
veloped good  texture  and  had  ex- 
cellent flavor.  A serious  objection, 
however,  was  that  they  developed 
an  objectionable  dark  color,  prob- 
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ably  from  the  action  of  the  alkali  on 
the  tannins  present  in  the  flesh  or 
from  the  favorable  effect  which  a 
relatively  alkaline  reaction  has  on 
the  browning  reaction.  The  possi- 
bility remains  that  a suitable  com- 
bination of  reagent,  concentration, 
temperature,  and  time  can  be  found 
which  will  make  possible  the  satis- 
factory softening  of  many  dry  dates 
with  the  retention  of  the  character- 
istic flavor  which  is  partly  destroyed 
bv  the  high  temperatures  that  must 
otherwise  be  used.  The  time  likely 
to  be  needed  for  this  treatment 
would  probably  make  such  a process 


unattractive  to  commercial  operat- 
ors. 

No  encouragement  has  been  found 
in  the  results  from  the  use  of  carbon 
dioxide,  acetic  acid,  or  hydrochloric 
acid  in  attempting  to  soften  dry, 
hard  dates.  On  the  basis  of  the 
above  discussion  this  should  not  be 
surprising,  since  all  of  these  reagents 
increase  the  acidity  of  a tissue  that 
is  already  too  acid  for  normal  ripen- 
ing to  take  place. 

An  incidental  result  from  the  am- 
monia treatment  was  the  prevention 
of  fermentation  even  under  condi- 
tions of  high  humidity  over  periods 


of  at  least  several  weeks.  No  notice- 
able microbiological  deterioration 
occurred  in  dates  subjected  to  1.4 
percent  ammonia  in  water,  even  aft- 
er prolonged  holding. 
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Storage  Humidity  For  Dates 

G.  L.  Rygg,  U.  S.  Department  of  Agriculture,  Pomona,  Calif. 


MOISTURE  CONTENT  OF  OATES  * PERCENT 

Figure  — Relative  humidity  in  equilibrium  with  Deglet  Noor  dates 
with  different  moisture  contents  at  a temperature  of  75  de- 
grees F. 


Accurate  information  on  the  cor- 
rect relative  humidity  for  dates  in 
storage  has  long  been  sought  by  the 
cold  storage  industry.  Only  approxi- 
mate values  have  been  available  and 
they  have  been  very  general  in  na- 
ture. It  should  be  obvious  that  dates 
dried  to  different  levels  of  moisture 
content  require  different  storage  hu- 
midities in  order  that  they  will  not 
gain  or  lose  moisture  in  storage,  but 
the  correct  humidity  to  obtain  this 
condition  is  not  so  obvious. 

The  information  contained  in  this 
paper  was  developed  for  the  pur- 
pose of  determining  the  correct  sto- 
rage humidity  for  dates  of  any  com- 
mon variety  containing  any  given 
percentage  of  moisture  over  a range 
likely  to  be  found  in  practice. 

The  method  used  consisted  of  en- 
closing single  dates  in  a small  space 
and  determining  the  relative  humidi- 
ty of  the  air  within  that  space  with 
an  Aminco-Dunmore  electric  hygro- 
meter1, after  equilibrium  with  the 
date  had  been  attained.  After  the 
appropriate  relative  humidity  was 
found  the  moisture  content  of  each 
date  was  found  by  slicing  and  then 
drying  the  date  two  days  at  65°C. 
(149  °F.)  in  a vacuum  oven. 

The  results  obtained  at  75°F.  are 
shown  in  figures  1 and  2.  Figure  1 
gives  the  humidities  found  to  be  in 
equilibrium  with  Deglet  Noor  dates 
with  moisture  contents  from  about 
12  to  30  percent.  The  points  are  scat- 
tered along  the  curve,  the  position  of 
which  was  calculated  according  to 
standard  statistical  procedure. 

In  addition  to  Deglet  Noor,  the 
relation  between  moisture  content 
and  storage  humidity  was  deter- 
mined for  seven  other  standard  va- 
rieties and  a black  seedling  of  the 
soft-date  type.  These  were  Khadra- 
wy,  Halawy,  Barhee,  Maktoom, 
Medjhool,  Saidy,  and  Zahidi.  The 
results,  covering  a range  in  moisture 
content  from  about  15  to  40  percent, 
are  shown  in  figure  2.  The  values 
for  these  varieties  fit  a curve  which 
is  shifted  slightly  to  the  right  from 
the  position  of  the  curve  for  Deglet 
Noor.  The  values  for  all  the  varie- 
ties fit  on  the  same  curve.  It  is  to 
be  noted  that  the  Zahidi  fits  the 
curve  for  the  soft  varieties  rather 
than  the  one  for  Deglet  Noor.  This 
variety  is  intermediate  between  the 
two  general  classes  with  respect  to 
invert  sugar  and  sucrose. 

A comparison  of  the  two  curves 
shows  that  the  moisture  content  of 
soft  or  invert-sugar  dates  is  higher 

(1)  Dunmore,  Francis  W.  An  improved 
electric  hygrometer.  J.  Research  Natl.  Bur. 
Standards  23:  701-714.  Dec.  1939. 


at  equilibrium  than  that  of  Deglet 
Noor  when  the  two  types  are  held 
in  the  same  storage  room.  This  is 
in  agreement  with  observations 
made  by  those  who  have  had  experi- 
ence in  storing  dates. 

Temperature  has  a pronounced  ef- 
fect on  the  value  of  the  relative 
humidity  at  which  a given  lot  of 
dates  should  be  stored.  This  effect 
is  illustrated  in  figure  3. 

Very  moist  dates  (40  percent 
moisture)  require  a relative  humidi- 
ty which  is  11  percent  higher  at  32 
degrees  F.  than  at  75  degrees.  In 
very  dry  dates  (9  percent  moisture) 
it  was  found  that  the  corresponding 
difference  in  relative  humidity  at 
the  two  temperatures  was  17  per- 
cent. With  these  figures  as  the  ex- 
treme values,  intermediate  values 
have  been  interpolated  and  plotted 
in  figure  3,  because  for  practical 


purposes  it  may  be  assumed  that 
the  temperature  effect  is  a linear 
one.  The  proper  storage  humidity 
for  any  temperature  between  32  and 
75  degrees  can  be  determined  by 
the  use  of  figure  3 and  either  figure 
1 or  2,  depending  on  the  variety. 

To  determine  the  proper  storage 
humidity  one  must  first  learn  the 
moisture  content  of  the  dates  to  be 
stored.  With  this  information  at 
hand  the  next  step  is  to  consult 
figure  1 for  Deglet  Noor  dates  and 
figure  2 for  the  soft  varieties  in  order 
to  find  the  relative  humidity  that 
applies  at  75  degrees.  Then  locate 
the  appropriate  relative  humidity  on 
the  right  hand  side  of  figure  3 and 
follow  the  diagonal  line  toward  the 
left  until  the  proper  vertical  tem- 
perature line  is  reached.  From  this 
point  the  horizontal  line  is  followed 
to  either  side  of  the  chart  where  the 
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RELATIVE  HUMIDITY-  PERCENT 


correct  relative  humidity  for  that 
temperature  is  found.  An  example 
will  demonstrate  the  procedure. 
Suppose  a lot  of  Deglet  Noor  dates 
has  a moisture  content  of  25  per- 
cent. Reference  to  figure  1 shows 


that  the  correct  storage  humidity  at 
75  degrees  is  close  to  75  percent. 
With  this  information  one  finds  on 
consulting  figure  3 that  the  correct 
relative  humidity  at  40  degrees  is  85 
percent.  At  32  degrees  a relative  hu- 


midity of  87  percent  is  required. 

For  temperatures  much  below  32 
degrees  control  of  the  storage  hu- 
midity for  dates  is  not  ordinarily 
very  important  since  the  rate  of  gain 
or  loss  in  moisture  is  very  slow. 
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Date  Growers’  Institute 
Membership 
1948 


Albourne  Rancho  

Lee  J.  Anderson  

Allan  Applegarth  

Arizona  Dawn  Gardens 
Mrs.  James  Arkell  


Glendora 

Coachella 

Indio 

Phoenix,  Arizona 
Indio 


Donald  E.  Bliss  Riverside 

Paul  Blocher  Indio 

Alberto  Breyer  Buenos  Aires,  Argentina 

T.  R.  Brown  Thermal 


Ted  Carlson  

H.  L.  Cavanaugh  

John  Chernus  

Citrus  Experiment  Station 

Mrs.  Marie  Clarke  

Coachella  Ranches  

J.  A.  Codekas  

A.  E.  Collins  

Mrs.  Jessie  B.  Conroy  

W.  W.  Cook  

Robert  S.  Cosgrove  

Mrs.  J.  B.  Crommelin  


Indio 

Indio 

Indio 

Riverside 

.Santa  Fe  Springs 

Riverside 

Thermal 

Yuma,  Arizona 

Indio 

Indio 

Indio 

Palm  Springs 


W.  G.  Darnell  - Brawley 

R.  S.  Dillman  Yuma,  Arizona 

W.  A.  Dollins  Indio 


Echols  Ranch  

T.  M.  Enochs,  Jr. 
Tom  W.  Embleton 
Roy  L.  Ensign  


Thermal 

Coachella 

Ithaca,  New  York 
San  Marino 


Keith  E.  Farrar  Indio 

S.  M.  Farrer  Altadena 

Isaac  Feigin  Palestine 

John  Fiala  Calexico 

J.  R.  Furr  Indio 


Gebhardt  & Jarvis  Coachella 

Henry  Gerke  Santa  Monica 


A.  E.  Hagberg  

W.  D.  Hagberg  

Paul  Hunnewell  

Clinton  S.  Hunt  

Lewis  J.  Hutchinson 


.Yuma,  Arizona 
.Yuma,  Arizona 

Indio 

Indio 

Riverside 


Eugene  C.  Jarvis  Coachella 

W.  G.  Jenkins  ..Indio 


Kay  S.  Karahadian  Los  Angeles 

Glen  KenKnight  Fort  Valley,  Georgia 

Louis  Krai  Calexico 


J.  H.  Lang  Fullerton 

Charles  N.  Leach  Indio 

Kenneth  Lichty  Indio 

E.  G.  Longley  Long  Beach 

L.  J.  Martin,  Jr Thermal 

Don  H,  Mitchell  Indio 

D.  C.  Mock  Redlands 

Fred  C.  Nash  Altadena 

Roy  W.  Nixon  Indio 

George  A.  Ormerod  Phoenix,  Arizona 

S.  D.  Overholtzer  Thermal 

R.  A.  Pinyan  Indio 

Hugh  Proctor,  c/o  Calavo,  Inc Coachella 

William  F.  Reichel  Oakland 

Mrs.  Martha  D.  Reid  Indio 

Walter  Reuther  Orlando,  Florida 

H.  B.  Richardson  Riverside 

Robbins  Russel  Redlands 

Knowles  A.  Ryerson  Davis 

Henry  R.  Schisler  Indio 

A.  E.  Schwabacher  San  Francisco 

Paul  F.  Smead  Indio 

Maure  Solt  Indio 

George  C.  Sharpies  Tucson,  Arizona 

Leonhardt  Swingle  Indio 

Joseph  Walker  Hollywood 

Mrs.  Lena  Cooper  Webb  Thermal 

Wesley  D.  Wilbur  Riverside 

Gwynn  Wilson  Arcadia 

Mulford  Winsor  Phoenix,  Arizona 

A.  F.  Wolf,  c/o  Hill  Bros.,  Inc New  York  City 

Wright  Bros.  & Garrett  Calexico 

W.  H.  Wright  Riverside 

Max  Zimmerer  Mecca 
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